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INTRODUCTION

This publication lists and describes all 160-A computer routines available in
the Computer Program Development Center (CPDC), and consists of the following
six sections:

Section 1.0 - Alphabetical Index This section is "i alphabetical
index for all available 160-A
routines. It lists identification
codes and either locates descrip-
tions appearing in this document,
or as in a few instances, references
descriptions available in other
documents.

Section 2.0 - Subject Classification This section is a subject index for
Code Index all available 160-A routines.

Section 3.0 - Abstracts This section contains abstracts of
all available 160-A routines.

Section 4.0 - Group I Routines This section contains descriptions
of routines found to be more
efficient for CPDC use; accordingly
these routines are modified and
up-dated more often.

Section 5.0 - Group II Routines This section contains descriptions
of routines that have not been
employed in the CPDC. Some of these
Group II routines are similar to
those found in Group I, and other
160-A users may find some of these
routines better suited for their
applications.

Section 6.0 - Appendix This section contains the related
references to the contents of the
manual.

This document provides a complete and current reference manual for all 160-A
programming routines available in the CPIC. Use of this document will effect
better dissemination of checked-out routines and will reduce redundant pro-
graming efforts by 160-A users. It also serves as training aid for new CPDC
personnel. In an effort to maintain a realistic and current documentp change
pages will be published periodically to reflect modifications, additions and/or
deletions.

V. ... ...... ....^. ............ ... ..... ... ..... .. .
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NOTE: Paper tapes are available in the CPDC for each routine listed in this
document.

Although source data evolved from SWAP and the CPDC, the majority of the
routines are described per SWAP standards. In a few instances, the responsible
corporation and/or programmer is not listed, as the information was not avail-
able, If upon using this document, you find that you know the answer to any
of these voids, please transmit this information to the CPDC.
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ALPHABETICAL INDEX

Title Ident. Page

ALNUP Z3,00 4-240
Alphanumeric and Special Character Demonstration Plot F8.02 4-90
Binary Card-Binary Tape Verify Routine AF6.06 4-82
Binary Coded Decimal to Binary HloO1 4-94
Binary Loader for FPP-33 Input A4.11A 4-7
Binary to Four Bit Decimal Conversion Hl.00 4-93
Bi-Octal Dump AF3.12 4-67
Bi-Octal Dump 2 F3.06 5-8
Card to Magnetic Tape (167 to 163/164) F6.03 4-79
Card to Magnetic Tape Routine (160-A) F6.05 5-10
Card Read Routine (167) AE2.01 4-34
Change Magnetic Tape Record Length Binary Tapes F6.04 4-80
Composite Beams AX4.O1 4-197
Conflex AHIL.03 4- 100
Core Dump (1612) AF3.ll 4-66
Duplicate Paper Tape AF1.00 4-37
Equation Solver AJ,1>.I 4-152
Flex Load and Flex Verify AF2.00 4-49
Flex Tape to Magnetic Tape Converter F6.01 4-75
Flexowriter Tape to Anelex F4.07 4-70
Floating Bi-Octal Punch and Floating Bi-Octal Verify AF3.00 l-50
Floating Resident Service Library AD1.01 4-9
FORTRAN Cards to Flex Tape AF7.00 4-87
Fractional Arithmetic I1.04 4-130
General Binary to BCD, BCD to Binary Conversion AH1.04 k &-4
Horizontal Adjustment AK5.01 4O-205

INTERFOR AB1.03A -
INTERFOR Arcsine, Arcossine Subroutine ABI.03-3 OW
INTER Assembly Program (FLAP) AA1.02A
INTERFOR Exponential Subroutine PC& -P*
INTERFOR Log to the Base 2 Subroutine ABI.03-4
INTERFOR Sine Cosine Subroutine ABI.0 341
INTERFOR Square Root Subroutine AB1.03-6 **
INTERFOR Subroutine, Plot AB1.03-9 **
INTERFOR Subroutines, TRIG Routines ABI.03-8 **
Integer Divide I1.03 4-129
Linear Program I Jl.00 4-143
Lines and Circles AK1.03 4-172
Listable Octal Dump F3.02 5-7
Listable Symbolic Dump (1 word per Flex line) F3.O4A 4-56

**See "INTERFOR/Reference Manual"
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Title Ident. Page

Listable Symbolic Dump (4 words per Flex line) F3.03 4-55
Magnetic Tape Bootstrap (160-A) ADl.02 4-16
Magnetic Tape to Flex Tape A3.02 4-5
Matrix Inversion 11.06 4-135
Memory Dump F3.01 4-53
Mortgage Amortization AZ3.03 4-243
Multiple Precision Package B1.02 5-1
Nine Bit Quick Multiply 11.02 4-128
Nine Bit Quick Sine I1.05 4-133
Octal Dump AF3.09 4-62
OSAS-A Binary Loader - Assembly Mode Magnetic Tape AA4o03 **

OSAS-A Binary Loader - Card AA4.02 **
OSAS-A Binary Loader - Character Mode Magnetic Tape AA4.04
OSAS-A Binary Loader - Paper Tape AA4.0l
OSAS-A Master Paper Tape Edit AA2.02 **
OSAS Symbolic Flex Tape to Cards A3.03 4-6
Paper Tape Edit A2.01A 4-1
Paper Tape Verify Fl.03 5-6
Peripheral Integrated Utility System AD2.03 4-28
Plot from Magnetic Tape 163/164 to 165 Plotter AF8.01 4-88
Program Structure A1l.07 4-138
Proper Fraction for Calculating Percentages 11.000 4-126
Punched Paper Tape Duplicator (short tapes) F1.00 4-35
Punched Paper Tape Duplicator (long tapes) F1.01 4-38
Random Number Generator (12 bit) Z1.02 4-238
SICOM ABI.04A
SICOM 167 Data Input S ABLolOB
SICOM Double Precision Translator ABI.08A
SICOM Double Precision Translator Subroutine ABI.09A
SICOM Graph Plotter Subroutine ABl.llA
SICOM Single Precision Translator ABl.06A
SICOM Single Precision Translator Subroutine ABl.07A
SICOM Standard Mathematical Subroutines AB1.04-2
SICOM Straight Line Plot Routine ABl.12
Simultaneous Card-to-Tape, Tape-to-Print AD2.02 4-19
Single Precision Divide 11.01 4-127
Single Precision Fractional Square Root Zl.00 4-237
Single Profile AK2.01 4-184
Soil Consolidation AK6.ol 4-214
Sort 3X H2.01 4-1o8
Spiralled Way Alignment AKl.01 4-155

**See "OSAS-A/The 160-A Assembly System."
***See "SICOM Manual, Scientific and Commercial Programming System for

Control Data 160-A Computer."
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Title Ident. Page

Statistical Program I L1.01 4-227
Statistical Program II LI.02 4-228
Statistical Program III L.103 4-230
Statistical Program IV LI.04 4-231
Statistical Program V L..05 4-232
Statistical Program YI LI.06 4-233
Statistacal Pvgram VII U..07 4-235
Symbolic Assembly System (OSAS-A) AAI.01C
Symboilc Flexoj±Iter Dump AF3.08 4-60
Symbolie Pr~inter Dump AF3.07 4-57
Symbolic Tjpelrfter Dump AF3.10 4-63
Tape Compare AFi.06 4-47
Tap Copy/ComPEL* Fl.05 4-43
Tape Leader Prepalftlon FI.02 4-41
Tape-to-Card Punc2r4g Routine F5.02 4-73
TRACK G1.00 4-92
Trajectory Calculation AZ3.02 4-241
Transformation of Coozirnates AKI.04 4-179
Traverse Adjustment AKI.02 4-164'
160-A Output AHI.02 4-96
1607 to 160 to 1612 Routine F4.06 4-68
1609 to Magnetic Tape (1609-164) F6.02 4-77

**See "OSAS-A/The 160-A Assembly System."
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SUBJECT CLASSIFICATION CODE INDEX

A. Assembly and Related Routines

Al Assembly Programs
A2 Symbolic Code Editors
A3 Peripheral Conversion Routines
Al Loaders

B. Interpretive Systems

B1 Scientific Computations
B2 Data Processing

C. Compilers

Cl Scientific Computations
C2 Data Processing

D. Service Routine Convenience Packages

D1 Resident Service Packages
D2 Special Purpose Packages

E. Input-Output Control Routines

El Magnetic Tape
E2 Card Equipment
E3 Printers
E4 Typewriters
E5 Plotters

F. Service Routines

Fl Duplicators and Related Routines
F2 Memory Loaders
F3 Memory Dumps •
F4 Data Transfer - Printer Output
F5 Data Transfer - Card Output
F6 Data Transfer - Magnetic Tape Output
F7 Data Transfer - Paper Tape Output
F8 Data Transfer - Plotter Output
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SUBJECT CLASSIFICATION CODE INDEX

G. Program Testing Aids

G1 Trace Routines
G2 Dynamic Analysis Routines

H. Information Processing Routines

HI Conversions
H2 Sorts and Merges

I. Arithmetic and Elementary Function Routines

Ii Fixed Point
12 Floating Point

J. Linear Programming

K. Civil Engineering

K1 Surveying
K2 Highway Engineering
K3 Hydraulics Engineering
K4 Structural Engineering
K5 Photogrammetry
K6 Soils

L. Statistical Analysis and Probability

Z. Demonstration Routines

Zl Mathematical
Z2 Games
Z3 Miscellaneous
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AA1lO1C SYMBOLIC ASSEMBLY SYSTEM (OSAS-A)
f ACCEPTS 160-A INSTRUCTIONS IN SYMBOLIC FORM9 ASSIGNS ABSOLUTE

LOCATIONS TO THE SYMBOLIC ADDRESSES9 PERFORMS THE NECESSARY
WORK OF RELATIVE ADDRESSING TO PROVIDE AN ABSOLUTE MACHINE
CODE FOR INPUT TO THE 160-A COMPUTER. INPUTS CAN BE PAPER
TAPE. MAGNETIC TAPE. OR CARDS. OUTPUT IS PAPER TAPE, MAG-
NETIC TAPE* CARDS# OR PRINTER.

AA102A INTERFOR ASSEMBL? PROGRAM (FLAP)
ASSEMBLES A PROGRAM* STATED IN SYMBOLIC LANGUAGE, INTO A
FORE EXECUTABLE BY INTERFORo OUTPUT IS AN ASSEMBLY LISTING
TAPE AID A BINARY OBJECT PROGRAM TAPE LOADED BY A4*11*
COIFIGURAT4ON - IINIMUB SWAP 160-A, 166 AND 167 INPUT/OUTPUT
OPTIONAL,

A2.01A PAPER TA1 EDIT
CHANGES 0BOhIC PAPER TAPES PREPARED FOR ASSEMBLY BY FLAP
OR OSAS. CHAIGES 6AT BE IN THE FORM OF REPLACEMENTS$ IN-
SERTIONSS OR DEbETIONS OF COMPLETE LINES.

AA2.02 OSAS-A MASWER PAPER TAPE EDIT
CHANGES AN OSAS-A mASTER PAPER TAPE BY ADDING TO. DELETING
AND/OR REPLACING EXISTING ROUTINES IN THE SECOND RECORD.

A3*02 MAGNETIC TAPE TO FLEX TAPE
CONVERT 80 CHARACTER BCD CODED INFORMATION ON MAGNETIC
TAPE IN FORMAT OF OSAP CARD INPUT.

A3.03 OSAS SYMBOLIC FLEX TAPE TO CARDS
CONVERTS OSAS SYMBOLIC FLEX TAPES TO HOLLERITH CARDS.
ALLOWS OPTIONAL CARD SEQUENCING UP TO FOUR DIGITS.

AA4.O1 OSAS-A BINARY LOADER - PAPER TAPE
READS BINARY PROGRAMS ON PAPER TAPE PREPARED BY OSAS-A
INTO MEMORY. PROGRAMS ARE RELOCATABLE.

AA4.02 OSAS-A BINARY LOADER - CARD
READS BINARY PROGRAM CARDS PREPARED BY OSAS-A INTO MEMORY.
PROGRAMS ARE RELOCATABLE. USES 088 READER*
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AA4.03 OSAS-A BINARY LOADER - ASSEMBLY MODE MAGNETIC TAPE
READS BINARY PROGRAM IMAGES PREPARED BY OSAS-A INTO MEMORY.
PROGRAMS ARE RELOCATABLE. USES 163 OR 164 TAPE UNITS,

AA4,04 OSAS-A BINARY LOADER - CHARACTER MODE MAGNETIC TAPE
READS BINARY PROGRAM IMAGES PREPARED BY OSAS-A INTO MEMORY,
PROGRAMS ARE RELOCATABLE. USES 163 OR 164 TAPE UNITS*

A4.11A INTERFOR BINARY LOADER (FLOADER)
LOADS BINARY OBJECT PROGRAMS PREPARED BY'FLAP. 'THE OBJECT
PROGRAM IS RELOCATABLE. ''.
CONFIGURATION - MINIMUM SWAP 160 OR'160-A

51.02 MULTIPLE PRECISION PACKAGE
PERFORMS ARITHMETIC WITH OPERANDS EXPRESSEDT.O .6,"'l2. 18, 24,
• ,6N BINARY DIGIT PRECISION..
CONFIGURATION-MINIMUM 160 COMPUTER " . '

ABI,03A INTERFOR
AN INTERPRETIVE SYSTEM PROVIDING SYMBOLIC AND" NUMERIC
PROGRAMMING, 6 INDEX REGISTERS AND 33-BIT"FLOATING P'OINT
ARITHMETIC. THE COMMANDS ARE A.SUBSET OF THE.CONTROL. DATA
1604 COMMANDS. PROGRAMS MAY BE WRITTEN FOR INTERFOR WHICH
ALSO RUN ON THE 1604o C-".. "
CONFIGURATION - MINIMUM 160-A COMPOUTER.

ABI*03-2 INTERFOR SINE COSINE SUBROUTINE.
GIVEN X, COMPUTES THE SINE X OR COS X (WHERE X IS IN
RADIANS).

AB1.03-3 INTERFOR ARCSINE9 ARCCOSINE SUBROUTINE
GIVEN X, FINDS THE ARCCOS OF X OR ARCSINE OF X,

AB103-5 INTERFOR EXPONENTIAL SUBROUTINE
CALCULATES 2 TO THE X POWER, E TO THE X POWER OR 10 TO THE
X POWER.

AB103-6 INTERFOR SQUARE ROOT SUBROUTINE
GIVEN A NUMBER X IN THE ACCUMULATOR, FINDS THE SQUARE ROOT
OF THE NUMBER BY THE USE OF THE NEWTON ITERATION METHOD
AND LEAVES THE SQUARE ROOT IN THE ACCUMULATOR.
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AB1.03-7 INTERFOR LOG TO THE BASE 2 SUBROUTINE
GIVEN A FLOATING POINT NUMBER IN A, CALCULATE THE LOG TO
THE BASE 2 OF THIS NUMBER.

AB1.03-8 INTERFOR SUBROUTINE, TRIG ROUTINES
COMBINES THE FOLLOWING SUBROUTINES - SINE COSINE# ARCTAN
X AND SERIES EXPANSION. SINE COSINE COMPUTES THE SIN X
OR COS X WHERL X IS IN RADIANS. ARCTANGENT FINDS THE
ARCTANGENT OF X USING [HE MACLAURIN SERIES AS GIVEN IN
HASTINGS, PAGE 137. X IS IN kRDIANS.

AB1.03-9 INTERFOR SUBROUTINE. PLOT
PLOTS RESULTS ON THE ON-LINE MODEL 165 PLOTTER IN EITHER
OF TWO WAYS - 1. MOVING FROM PREVIOUS PLOT POINT TO
PRESENT PLOT POINT IN A STRAIGHT LINE WITH PEN DOWN, AND
2. MOVING FROM PREVIOUS PLOT POINT TO PRESENT PLOT POINT
WITH PEN UP, PLOT A SYMBOL TO REPRESENT DESIRED POINT.
CONFIGURATION - MINIMUM 160-A COMPUTER AND MODEL 165 PLOTTER.

AB.o04A SICOM
A GENERAL PURPOSE INTERPRETIVE SYSTEM USING FLOATING POINT
ARITHMETIC. APPLICABLE TO SCIENTIFIC, ENGINEERING AND
COMMERCIAL COMPUTATIONS. CONVERTS THE 160-A INTO A DECIMAL,
FLOATING POINT MACHINE WITH 10 DECIMAL DIGITS, PLUS EXPONENT
WORD LENGTH.
CONFIGURATION - CAN RLN WITH A MINIMUM 160-A.

AB1.04-2 SICOM STANDARD MATHEMATICAL SUBROUTINES
THE FOLLOWING SUBROUTINES ARE INCLUDED - SQUARE ROOT,
SIN-COS, LOG X TO BASE 10t 10 TO THE X POWER AND ARC TAN.

B1.05 160 FORTRAN FLOATING POINT ARITHMETIC PACKAGE
PROVIDES A SEPARATE ASSEMBLY OF THE ARITHMETIC PACKAGE
USED IN 160 FORTRAN FOR INCORPORATION AS A SUBROUTINE IN
PROGRAMS WHICH REQUIRE SUCH FLOATING ARITHMETIC.
"CONFIGURATION - MINIMUM SWAP 160 OR 160-A COMPUTER.
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AB1.06A SICOM SINGLE PRECISION TRANSLATOR
THE SINGLE PRECISION INTERCOM TRANSLATOR IS A PROGRAM BY
WHICH A BENDIX G-15 INTERCOM 1000 SINGLE PRECISION OR
INTERCOM 500X SOURCE PROGRAM PREPARED ON THE FLEXOWRITER
MAY BE TRANSLATED INTO A CONTROL DATA 160-A SICOM SOURCE
PROGRAM TAPE.

AB1.07A SICOM SINGLE PRECISION TRANSLATOR SUBROUTINES
INCLUDED WITH THE TRANSLATOR ARE SICOM SUBROUTINES WHICH!
ARE SUBSTITUTED FOR THEIR G-15 COUNTERPARTS (I.E., SQUARE
ROOT, SIN-COS, ARCTAN, LOG, EXPONENTIAL AND MAGNETIC TAPE).
THE INTERCOM FRACTION SELECTOR AND FLEXOWRITER SUBROUTINES
ARE REPLACED BY SICOM COMMANDS. THE G-15 INDEX REGISTER
UTILIZATION SUBROUTINE IS UNNECESSARY IN SICOM.

AB1.08A SICOM DOUBLE PRECISION TRANSLATOR
THE DOUBLE PRECISION INTERCOM TRANSLATOR IS A PROGRAM
BY WHICH A BENDIX G-15 INTERCOM 1000 DOUBLE PRECISION
SOURCE PROGRAM PREPARED ON THE FLEXOWRITER MAY BE TRANS-
LATED INTO A CONTROL DATA 160-A SICOM SOURCE TAPE. THE
TRANSLATION WILL, IN MOST CASESt BE READY FOR A PRODUCTION
RUN ON THE 160-A UNDER SICOM CONTROL. THE TRANSLATOR IS
DESIGNED TO MAKE THE CONVERSION OF ANY WELL-DOCUMENTED
INTERCOM DOUBLE PRECISION PROGRAM AS SIMPLE AS POSSIBLE
FOR A PROGRAMMER FAMILIAR WITH BOTH SYSTEMS.

ABl.09A SICOM DOUBLE PRECISION TRANSLATOR SUBROUTINES
INCLUDED WITH THE TRANSLATOR ARE SICOM SUBROUTINES WHICH
ARE SUBSTITUTED FOR THEIR G-15 COUNTERPARTS. THE INTER-
COM FRACTION SELFCTOR AND THE G-15 INTERCOM INDEX REGISTER
UTILIZATION SUBROUTINES IS UNNECESSARY IN SICOM.

AB1.10B 167 DATA INPUT FOR SICOM
FIXFD POINT INTEGERS AND ALPHANUMERIC DATA MAY BE PUNCHED
ON CARDS AND LOADED VIA THE 167 READER. THE SUBROUTINE
MUST BE ENTERED EACH TIME A CARD IS READ.
CONFIGURATION - MINIMUM SWAP 160-A, 167 READER.

AB1.l1A SICOM GRAPH PLOTTER SUBROUTINE
RELOCATABLE GENERAL PURPOSE PLOTTER SUBROUTINE.

AB1.12 SICOM STRAIGHT LINE PLOT ROUTINE
PLOTS STRAIGHT LINES IN AN X, Y OR 45 DFGREE DIRECTION.
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AC1000 160 FORTRAN-A SYSTEM
PROVIDES A SIMPLE AND EFFICIENT METHOD FOR SCIENTIFIC
PROBLEM SOLVING* EMPLOYS A LANGUAGE RESEMBLING THAT OF
ORDINARY MATHEMATICS AND COMMON LANGUAGE TO DESCRIBE THE'
MATHEMATICAL AND LOGICAL PROCEDURE TO BE FOLLOWED TO
CALCULATE THE DESIRED RESULTS. THIS LANGUAGE.(SOURCE .
PROGRAM) IS THE INPUT TO FORTRAN WHICH PRODUCES MACHINE
INSTRUCTIONS (OBJECT PROGRAM) THAT PERFORM THE DESIRED
CALCULATIONS*
CONFIGURATION - MINIMUM SWAP 160-A, OPTIONAL 088 OR 167.
THE SYSTEM CONSISTS OF PHYSICAL TAPES L.ISTED BELOW.
160 FORTRAN-A COMPILER I '088 SOURCE INPUT)
160 FORTRAN-A COMPILER 1 (167 SOURCEAINPUT)
160 FORTRAN-A COMPILER I1
160 FORTRAN-A INTERPRETER

ADIeO0 RESIDENT SERVICE PACKAGE 1"
EACH OF THE `OLLOWING FUNCTIONS IS OPERATED BY ENTERING
THE RESIDENT LIBRARY AT A SPECIFIEb POINT - BI-OCTAL PUNCH,
81-OCTAL VERIFY, FLEX TAPE LOAD, FLEX TAPE PUNCH, FLEX TAPE
VERIFY, TYPE LOAD, AND TYPE DUMP.
CONFIGURATION - MINIMUM 160-A COMPUTER. TYPEWRITER OPTIONAL.

AD1I02 MAGNETIC TAPE BOOTSTRAP
KEEPS ITSELF AND PROGRAMS OR DATA ON MAGNETIC TAPE TO
ELIMINATE PAPER TAPE HANDLING. MAY BE LOADED AND BLOCKS
WRITTEN OR READ BY CONSOLE ENTRY OF DATA*
CONFIGURATION-MINIMUM SWAP 160-A AND A 163-2.

AD2.02 SIMULTANEOUS CARD-TO-TAPE, TAPE-TO-PRINT PROGRAM
RUNS A CARD-TO-TAPE OPERATION SIMULTANEOUSLY WITH A
TAPE-TO-PRINTER OPERATION* ABOUT 90 PER CENT OFtMAXIMUM
SPEED IS OBTAINED.
CONFIGURATION - MINIMUM SWAP 160-A, 163-A, 163-2. 16129 0889

AD2,03 PERIPHERAL INTEGRATED UTILITY SYSTEM (PIUS)
TO PROVIDE A PROGRAM TO CORRELATE AND CONTROL A LIBRARY
OF 160-A ROUTINES IN AN EXECUTIVE UTILITY SYSTEM.

AE2,01 167 CARD READ ROUTINE
READS A HOLLERITH OR BINARY CARD AND STORES THE INFOR-
MATION PACKED. (12 BITS PER WORD), OR UNPACKED* SIX BITS
IN THE LOWER HALF OF EACH WORD.
CONFIGURATION - MINIMUM SWAP 160-At 167 READER.
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MATION PACKED# (12 BITS PFR WORD), OR UNPACKED. SIX BITS
IN THE LOWER HALF OF EACH WORD.
CONFIGURATION - MINIMUM SWAP 160-A, 167 READER*

F100 PAPER TAPE DUPLICATOR (TAPDUP)
PRODUCES AND VERIFIES MULTIPLE COPIES.;.OF A GIVEN"PUNCHED PAPER .. '
TAPE. COPIES UP TO 6395 FRAMES OF TAPEAND.PRODUCES..THE NUMBER
OF COPIES SPECIFIED IN THE A REGISTER.
PUNCHES AN 18 INCH LEADER BETWEEN COP'I"ES."
CONFIGURATION- MINIMUM 160 COMPUTER.,

F1,O1 PAPER TAPE DUPLICATOR, LONG TAPES (TAPDPLJ)
REPRODUCES AND VERIFIES PAPER TAPES oF*MOýRE THAN 6395 FRAMES BY
PLACING THE IMAGE ON MAGNETIC jTAPE'. REUI*"-iRES 212 LOCATIONS
BEGINNING AT LOCATION 0050-
CONFIGURATION- MINIMUM 160 COMPUTER ý,AN'D-`'63,OR 164: TAPE-UNITS..

F1,02 TAPE LEADER PREPARATION (TAPIDT).
PRODUCES READABLE CHARACTERS ON PAPER TAPE LEADERS. FOR
IDENTIFYING PROGRAM TAPES.
CONFIGURATION- MINIMUM 160 COMPUTER.

FI,03 PAPER TAPE VERIFY (FLXLOD)
VERIFIES PAPER TAPES BY COMPARING THEM AGAINST CHECK SUMS.
FORMED BY THE ORIGINAL TAPE. ANY'LENGTH'TAPE BE VERIFIED.
CONFIGURATION- MINIMUM 160 COMPUTER

F1.05 TAPE COPY - COMPARE
PROVIDES THE FOLLOWING OPTIONS - COPY OR COMPARE MAGNETIC
TAPE FILES, BCD OR BINARY MODE* REWIND LOAD AT START.
REWIND UNLOAD AT FINISH.
CONFIGURATION-MINIMUM 160-A COMPUTER.

AF1I06 TAPE COMPARE (TACO)
TO COMPARE TWO BCD TAPES TO INSURE SIMILARITY
CONFIGURATION-MINIMUM 160 A. 161 TYPEWRITER,
1612PRINTER (OPTIONAL)

AF2,00 FLEX LOAD AND FLEX VERIFY
READS PAPER TAPES INTO MEMORY THAT WERE PREPARED ON A
FLEXOWRITER OR BY THE FLEX DUMP PROGRAM* FLEX VERIFY
CHECKS FOR DISCREPANCIES BETWEEN TAPE AND MEMORY.
CONFIGURATION-MINIMUM 160-A COMPUTER.
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AF3eCO0 BI-OCTAL PUNCH AND VERIFY (BIOPUN)
PUNCHES PAPER TAPE AND COMPARES PORTIONS OF MEMORY IN BI-OCTAL
FORMAT*
CONFIGURATION- MIMIMUM 160 COMPUTER.

F3.C1 MEMORY DUMP TO MAGNETIC TAPE (MEMTPE)
REQUIRES 181 LOCATIONS
CONFIGURATION- MINIMUM 160 COMPUTER AND 163 OR 164 TAPE UNITS.

"JF3,02 LISTABLE OCTAL DUMP (MEMFLX)
..2 PRODUCES IN FLEXOWRITER CODE A LISTALLE OCTAL DUMP OF A

SPECIFIED AREA OF CORE.
CONFIGURATION- MINIMUM 160 COMPUTER.

F3*03 LISTABLE SYMBOLIC DUMP, 4 WORDS TO A LINE (MEMSY4)
PRODUCES IN FLEXOWRITER CODE A LISTABLE SYMBOLIC DUMP OF A

.. SPECIFIED AREA OF CORE, FOUR WORDS PER FLEX LINE.
CONFIGURATION- MINIMUM 160 COMPUTER.

F3,04A LISTABLE SYMBOLIC DUMP, 1 WORD TO A LINE. (MEMSYL)
"PRODUCES IN FLEXOWRITER CODE A LISTABLE SYMBOLIC DUMP OF A
"SPECIFIED AREA OF CORE, ONE WORD PER FLEX LINE.
CONFIGURATION- MINIMUM 160 COMPUTER.

F3606 .BI-OCTAL DUMP (MEMTAP)
DUMPS MEMORY ONTO PAPER TAPE IN B-OCTAL FORMAT FROM SELECTED
ADDRESSES.
CONFIGURATION- MINIMUM 160 OR 160A COMPUTER.

"AF3o07 SYMBOLIC PRINTER DUMP
DUMPS MEMORY IN SYMBOLIC FORM ONTO THE 1612 PRINTER.
CONFIGURATION-MINIMUM 160-A COMPUTER, 1612 PRINTER.

AF3,08 SYMBOLIC FLEXOWRITER DUMP
DUMPS MEMORY IN SYMBOLIC FORM ONTO PUNCHED PAPER TAPE
FOR LISTING ON FLEXOWRITER,
CONFIGURATION-MINIMUM 160-A.

AF3,09 OCTAL DUMP
PROVIDES AN OCTAL DUMP OF ONE BANK OF 160-A MEMORY FROM A
GIVEN STARTING ADDRESS TO THE END OF THAT BANK ONTO THE

j. __ 1612 PRINTER. THE PROGRAM IS RELOCATABLE.
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CONFIGURATION-MINIMUM 160-A COMPUTER, 1612 PRINTER*

AF3,10 SYMBOLIC TYPEWRITER DUMP
PROVIDES A SYMBOLIC DUMP ONTO THE 161 TYPEWRITER.
CONFIGURATION-MINIMUM SWAP 160-At 161 TYPEWRITER*

AF3,11 160-A CORE DUMP TO 1612 (1612 DUMP)
TO ALLOW A LISTABLE DUMP OF THE MACHINE CODES AND
CONSTANTS STORED IN 160A AND 169 ONTO THE 1612
PRINTER.
CONFIGURATION-MINIMUM 160 At 161 TYPEWRITER, 1612 PRINTER

AF3o12 BIOCTAL DUMP (BIDU)
PUNCHES A GIVEN AREA OF A SELECTED BANK IN BIOCTAL
FORMAT FOR MACHINE LOADING.
CONFIGURATION-MINIMUM 160 A,

F4*06 1607 TO 1612 PRINT ROUTINE
READS BLOCKED OR UNBLOCKED MAGNETIC TAPES AND LISTS THEM I)
ON THE CONTROL DATA 1612 PRINTER AT 1000 LINES A MINUTE.
LIST CAN BE UNDER PROGRAM CONTROL OR UNDER CONTROL OF
1612 MONITOR CHANNEL 1-6.
CONFIGURATION-MINIMUM 160 OR 160-A COMPUTER, 16079 AND 1612.

F4,07 FLEX TAPE TO 1612
READS FLEX-CODED PAPER TAPE, CONVERTS THE FLEX CODES INTO
BCD, PRINTS THE RESULTS ON THE 1612o
CONFIGURATION - MINIMUM SWAP 160 OR 160-A AND 1612o

F5*02 163/164 TAPE TO CARDS
READS MAGNETIC TAPE IN BCD OR BINARY MODE AND PUNCHES
CORRESPONDING HOLLERITH OR BINARY CARDS. WRITTEN PRIMARILY
TO PUNCH OUTPUT FROM THE 1604 CO-OP MONITOR.
CONFIGURATION-MINIMUM SWAP 160 OR 160-A. 163 OR 164 TAPE
UNIT, 1610-523 CARD PUNCH SYSTEM.

F6*01 FLEX TAPE TO MAGNETIC TAPE CONVERTER (FLXTPE)
REPRODUCES A COPY OF A FLEXOWRITER TAPE ON MAGNETIC TAPE IN A
FORM SUITABLE FOR LISTING.
CONFIGURATION- MINIMUM 160 COMPUTER AND 163 OR 164 TAPE UNITS.

F6,02 1609 CARD TO MAGNETIC TAPE
READS BCD CARDS. CHECKS VALIDITY AND WRITES BCD CARD IMAGES
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ONTO MAGNETIC TAPE. REQUIRES LOCATIONS 6600 THROUGH 0000
AND LOCATIONS 0070 THROUGH 0076.

* CONFIGURATION - MINIMUM 160 OR 160-At 1609 ADAPTER, 164
TAPE AND A 521 CARD READ PUNCH.

F6.03 167 CARD TO TAPE
CONVERTS DATA FROM CARDS TO MAONETIC TAPE RECORDS, ONE
CARD PER RECORD. HANDLES BINARY OR BCD CARDS. PRODUCES
BINARY OR BCD RECORDS. CARDS MAY BE MIXED.
CONFIGURATION-MINIMUM SWAP 160 OR 160-A, 167 READER AND A
163 OR 164 TAPE UNIT.

F6.04 CHANGE MAGNETIC TAPE RECORD LENGTH BINARY TAPES
. WRITES MAGNETIC TAPES OF A DESIGNATED RECORD LENGTH FROM

TAPES OF THE SAME OR DIFFERENT RECORD LENGTHS FOR BINARY
TAPFS ONLY (ODD PARITY).
CONFIGURATION - MINIMUM SWAP 160 OR 160-A, 163-2 OR 164-2
TAPE UNIT*

(-' F6*05 160-A CARD TO MAGNETIC TAPE ROUTINE
ROUTINE ACCEPTS STANDARD 80 COLUMN BCD OR COLUMN BINARY

-' CARDS AND WRITES THEIR CARD IMAGES WITH *'LOOK-AHEAD''
BITS ONTO MAGNETIC TAPE.

AF6,06 160-A BINARY CARD BINARY TAPE VERIFY ROUTINE
'U ROUTINE COMPARES 80 COLUMN BINARY CARDS WITH THEIR

IMAGE ON MAGNETIC TAPE. WRITTEN FOR IBM 533 CARD READ
PUNCH.
CONFIGURATION-160-A WITH 163 AND 1610 ADAPTOR FOR IBM CARD
READ PUNCH.

AF7T00 FORTRAN CARDS TO FLEX TAPE
READS FORTRAN SOURCE CARDS AND PUNCHES PAPER TAPE
ACCEPTABLE TO THE FORTRAN COMPILER.
"CONFIGURATION-MINIMUM SWAP 160-A, 167 READER*

AF8,01 PLOT FROM MAGNETIC TAPE 163/164 TO 165 PLOTTER
PLOTS CONSECUTIVE POINTS ON THE 165 PLOTTER AND CONNECTS
THEM WITH THE BEST STRAIGHT LINE. POINTS ARE OBTAINED FROM
MAGNETIC TAPE, ONE POINT PER TWO-WORD ASSEMBLY-MODE RECORD.
CONFIGURATION - MINIMUM SWAP 160-A COMPUTER, TAPE UNIT 163

(9 OR 164 AND 165 PLOTTER.

0F8*02 165 ALPHANUMERIC AND SPECIAL CHARACTER DEMONSTRATION PLOT
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BASICALLY A DEMONSTRATION ROUTINE* BUT IT MAY BE USED TO
PRODUCE A NEAT LABELLING OF PLOTS ON THE 165 PLOTTER.
CONFIGURATION - MINIMUM 160 OR 160-A SWAP COMPUTER# 165
PLOTTER.

G1.00 TRACK (TRACEl)
TRACES A PROGRAM, PROVIDING FLEX-CODED PAPE TAPE AS OUTPUT.
THE BEGINNING AND ENDING ADDRESSES OF CONSECUTIVE INSTRUCTION

•..........................STRINGS APPEAR AS OUTPUT, ALLOWING FASTER EXECUTION THAN IS
POSSIBLE USING A FULL TRACE.
CONFIGURATION- MINIMUM UNMODIFIED 160 COMPUTER.

HI.CO BINARY TO 4 BIT DECIMAL CONVERSION (BINDEC}
CONVERTS A 24 BIT BINARY INTEGER INTO A DECIMAL INTEGER WITH
EACH DIGIT IN SUCCESSIVE CELLS.
CONFIGURATION- MINIMUM 160 COMPUTER.

H1.O BCD TO BINARY CONVERSION (BCDBIN)
"CONVERTS A BINARY CODED DECIMAL NUMBER OF UP TO SIX DIGITS TO

S,•- ~ ... THE EQUIVALENT BINARY NUMBER IN 22 BIT ARITHMETIC FORMAT. THE K)
"BCD NUMBER IS STORED ONE DIGIT PER WORD WITH THE DIGIT AS THE

'LOW ORDER FOUR BITS OF THE WORD.
. "CONFIGURATION- MINIMUM 160 COMPUTER AND 163 OR 164 TAPE UNITS.

" H 1.o2: OUTPUT IMAGE
SETS-UP A 120 CHARACTER LINE IMAGE FOR ON-LINE PRINTING

•":. ".. . . OR WRITING ON A BCD OUTPUT TAPE. THE FORMAT IS SPECIFIEDS.... •" .;.IN THE CALLING SEQUENCE*.

AHle03 .CONFLEX
CONVERTS THE FLEXOWRITER MODEL 35-4(STANDARD WITH G-15)

IN THE 6 'LEVEL MODE TO EQUIVALENT CONTROL DATA FLEXO-
WRITER CHARACTERS*
CONFIGURATION-MINIMUM SWAP 160-A.

AM1.04 GENERAL BINARY TO BCD/BCD TO BINARY CONVERSION
A CLOSED'SUBROUTINE ENTERED BY A RETURN JUMP WITH THE
A-REGISTER SPECIFYING THE TYPE OF CONVERSION.
CONFIGURATION-MINIMUM SWAP 160-A.

H2.01 SORT 3X
SORT 3X ACCEPTS INPUT FROM ONE REEL OF MAGNETIC TAPE WHERE
THE INFORMATION IS RECORDED WITH ONE ITEM PER BLOCK OF

MAGNETIC TAPE.
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CONFIGURATION-MINIMUM SWAP 160 OR 160-A COMPUTER AND FOUR
606, 1607, 163p OR 164 TAPE HANDLERS.

11.00 PECENTAGE CALCULATION# PROPER FRACTION (PERCAL)
DIVISION OF X OVER Yo WHERE X IS ASSUMED TO BE
LESS THAN Ye THE ANSWER WILL BE IN THE FORM *XXXXs
ADJUSTED BY ROUNDING IN TRUE BINARY
REQUIRES 196 LOCATIONS, INCLUDING 70-77o RELOCATABLE.
CONFIGURATION- MINIMUM 160 COMPUTER.

11.01 SINGLE PRECISION DIVIDE (DIVFRC)
DIVIDES A POSITIVE 23 BIT FRACTION.BY A POSITIVE 11 BIT
"FRACTIONP GIVING A ROUNDED 11 BIT FRACTIONAL QUOTIENT.
CONFIGURATION- MINIMUM 160 COMPUTER.

11*02 "QUICK MULTIPLY* 9 BIT (MULT9B)
MULTIPLIES TWO SIGNED 11 BIT NUMBERS TOGETHER. SIGNED ANSWER
IS ACCURATE TO 10 BITS.
CONFIGURATION- MINIMUM 160 COMPUTER.

11.03 INTEGER D.IVIOE (DIVINT)
DIVIDES-A POSITIVE 23 BIT INTEGER BY A POSTIVE 11BIT INTEGER,
GIVING A'12 BIT QUOTIENT WITH AN 11 BIT REMAINDER.
REPEATED SUBTRACTIONS ARE USED.
CONFIGURATION- MINIMUM 160 COMPUTER

11.04 FRACTIONAL ARITHMETIC - 22 BIT
ADDSv SUBTRACTS9 MULTIPLIES OR DIVIDES POSITIVE OR NEGATIVE
BINARY FRACTIONS.
CONFIGURATION-MINIMUM SWAP 160 OR 160-A.

11.05 NINE BIT QUICK SINE
OBTAINS THE SINE OF ANY ANGLE LESS THAN 90 DEGREES.
ACCURATE TO 9 BITS* USES 11902.
CONFIGURATION-MINIMUM 160 OR 160-A COMPUTER,

I1106 MATRIX INVERSION
SUBROUTrNE IS WRITTEN IN 160 FORTRAN (160 FORTRAN-A) FOR
FINDING THE INVERSE OF A SQUARE MATRIX.

A11.07 PROGRAM STRUCTURE
DETERMINES ALL THOSE PERMUTATIONS WHICH LEAVE A
STRUCTURE (StR) INVARIANT. AND ALL THOSE PERMUTATIONS
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RHO WHICH LEAVE (SoR) SELF-DUAL.
CONFIGURATION-MINIMUM SWAP 160-A.

J1.O0 LINEAR PROGRAM I
FORTRAN. USES THE SIMPLEX METHOD. THE INPUT DATA MUST
IMPLY A FIRST FEASIBLE SOLUTION.
CONFIGURATION-MINIMUM SWAP 160 OR 160-A.

AJ1.01 EQUATION SOLVER
FORTRAN. SOLVES 30 LINEAR EQUATIONS WITH 30 UNKNOWNS.
A MODIFIED GAUSSIAN ELIMINATION METHOD IS USED.
CONFIGURATION-MINIMUM SWAP 160 OR 160-A.

AKI.01 SPIRALLED WAY ALIGNMENT
COMPUTES THE ALIGNMENT AND CURVE DATA FOR A HORIZONTAL
ALIGNMENT CONTAINING SPIRALS AND CIRCULAR CURVES IN
ANY COMBINATION.
CONFIGURATION-MINIMUM SWAP 160-At 161 TYPEWRITER.

AK1.02 TRAVERSE ADJUSTMENT
FOR THIS PROGRAM, A TRAVERSE IS DEFINED AS A SERIES OF
MEASURED DISTANCES AND DIRECTIONS9 STARTING FROM A POINT
OF KNOWN COORDINATES9 AND TERMINATING AT A POINT OF KNOWN
COORDINATES. THE PROGRAM PROVIDES FOR THE OUTPUT OF EITHER
THE ADJUSTED OR UNADJUSTED TRAVERSE (ACCORDING TO COMPASS
RULE).
CONFIGURATION-MINIMUM SWAP 160-A' 161 TYPEWRITER.

AK1.03 LINES AND CIRCLE
THIS PROGRAM CONSISTS OF THE FOLLOWING FIVE INDEPENDENT
PARTS. THE KNOWN DATA MAY BE LOCATED IN ANY ONE OF FOUR
QUADRANTS.
PART 1 - INTERSECTIONS OF TWO LINES
PART 2 - INTERSECTION OF LINE AND CIRCLE
PART 3 - DISTANCE AND BEARING
PART 4 - HEIGHT OF TRIANGLE
PART 5 - TANGENT. ARC# AND SEGMENT
CONFIGURATION - MINIMUM SWAP 160-A. 161 TYPEWRITER.

AKl.04 TRANSFORMATION OF COORDINATES
THIS PROGRAM WILL ROTATE AND TRANSLATE THE COORDINATES OF
SERIES OF POINTS WHICH DEFINE AN ENCLOSED AREA OR TRAVERSE,
COMPUTE THE BEARINGS AND DISTANCES BETWEEN THESE POINTS,, AND
FIND THE AREA ENCLOSED"'
CONFIGURATION - MINIMUM SWAP 160-A. 161 TYPEWRITER.



A8 T963 3-E3 UI-(L)-993

S AK2o01 SINGLE PROFILE
GIVEN BASIC DATA TO DEFINE THE VERTICAL ALIGNMENT OF A
HIGHWAY THE PROGRAM WILL COMPUTE ALL THE REQUIRED DATA AND
ELEVATIONS AT EVEN INCREMENTED STATIONS*
CONFIGURATION - MINIMUM SWAP 160-At 161 TYPEWRITER.

AK4eO1 COMPOSITE BEAMS
DESIGNS INTERIOR OR EXTERIOR STEEL BEAMS FOR SIMPLE SPAN
HIGHWAY BRIDGES. THE FIRST PART COMPUTES A SOLUTION FOR
INTERIOR BEAMS, THE SECOND PART COMPUTES A SOLUTION FOR
FASCIA OR EXTERIOR BEAMS* EACH PART MAY BE RUN INDEPEN-
DENTLY.
CONFIGURATION-MINIMUM SWAP 160-Av 161 TYPEWRITER@

AK5o01 HORIZONTAL ADJUSTMENT
IT IS DESIRED TO OBTAIN MAP OR GRID COORDINATES OF PHOTO-
GRAMMETRIC POINTS, NAMELY THE HORIZONTAL PASS POINTS9 AS THE
RESULTS OF STEREOTRIANGULATIONo THE MAP COORDINATES OF HORI-
ZONTAL CONTROL POINTS ARE GIVEN. THE INSTRUMENT COORDINATES
OF THE CONTROL POINTS AND THE PASS POINTS ARE OBSERVED FOR A

TRIANGULATED STRIP OF CONTROLLED PHOTOGRAPHY.
CONFIGURATION - MINIMUM SWAP 160-A, 161 TYPEWRITER.

AK69O1 SOIL CONSOLIDATION
COMPUTES THE SETTLEMENT OF N LAYERS OF SOIL WITH A
MAXIMUM OF FOUR LAYERS AND A SURCHARGE LOAD PLACED IN N
NUMBER OF LIFTS WHICH COULD BE TOTALLY OR PARTIALLY
REMOVED*
CONFIGURATION-MINIMUM SWAP 160-A, 161 TYPEWRITER.

L1oCI STATISTICAL PROGRAM 1
PRODUCES THE MEANS AND STANDARD DEVIATIONS FOR TWO SETS OF
VARIABLES AND THE CORRELATION BETWEEN CORRESPONDING ENTRIES
IN THE TWO LISTS. FORTRAN.
CONFIGURATION - MINIMUM SWAP 160 OR 160-A COMPUTER.

L1902 STATISTICAL PROGRAM 2
LINEAR REGRESSION ROUTINE WHICH PRODUCES QUANTITIES FOR TWO
SETS OF VARIABLES.
CONFIGURATION - MINIMUM SWAP 160 OR 160-A COMPUTER.

L1903 STATISTICAL PROGRAM 3
TEST OF NORMALITY IN A FREQUENCY DISTRIBUTION OF LARGE SIZE.

C-)

;I
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CONFIGURATION - MINIMUM SWAP 160-A OR 160 COMPUTER.

Ll,04 STATISTICAL PROGRAM 4
PRODUCES THE MEAN AND STANDARD DEVIATION FOR A SINGLE
VARIABLE. FORTRAN.
CONFIGURATION - MINIMUM SWAP 160 OR 160-A COMPUTER.

L1.05 ST.ATISTICAL PROGRAM 5
PRODUCES THE BASIC STATISTICAL BUILDING BLOCKS FOR A
THREE-DIMENSIONAL SAMPLE-SPACE, I.E., SUMS, SUMS OF SQUARES
AND SUMS OF CROSS PRODUCTS* FORTRAN*
CONFIGURATION - MINIMUM SWAP 160 OR 160A COMPUTER.

L1.06. STATISTICAL PROGRAM 6
PRODUCES-.THE PERCENTILES AT 5 PERCENT INTERVALS AFTER
SORTING THE ORIGINAL DATA INTERNALLY, FORTRAN.
CONFIGURATION - MINIMUM SWAP 160 OR .160A COMPUTER.

Lle07 STATISTICAL PROGRAM 7 )
PRODUCES AND OUTPUTS EITHER THE T-TEST VALUE FOR EQUAL-
SIZED SETS OR. THE T-TEST VALUE. FOR UNEQUAL-SIZED SETS,
DEPENDING ON WHETHER THE SETS ARE EQUAL OR UNEQUAL IN
LENGTH*
CONFIGURATION - MINIMUM SWAP.160-A ,OR' 160"COMPUTER.

Z1400 SINGLE PRECISION FRACTIONALSQUARE ROOT (,DEMSQR) •
FINDS THE SQUARE ROOT OF A PROPER FRAC1•INhiN- 4WiT MAXIMUM ERROR
OF 2 TO THE MINUS 11 e ".' .", ,

CONFIGURATION- MINIMUM 160 COMPUTER. "',-

Zlo02 RANDOM NUMBER GENERATOR (12 BIT) (DERM.GNL,,
PRODUCES 12 BIT RANDOM NUMBERS. WILLGENERATE 29560,000
NUMBERS WITHOUT REPEATING* OUTPUT IS'DI.SPLAYED IN REGISTER •,
CONFIGURATION- MINIMUM 160 COMPUTER.

.Z3.00 ALNUP
ROUTINE PUNCHES CHARACTER MESSAGES IN PAPER TAPE THAT ARE
LEGIOLE TO AN UNSKILLED OBSERVER.
CONFIGURATION-160 CODED FLEXOWRITER, 160 COMPUTER WITH
PAPER TAPE INPUT AND OUTPUT.
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AZ3*02 TRAJECTORY CALCULATION
GIVEN THE TARGET RANGE, THE VELOCITY OF THE PROJECTILE,
AND ITS ANGLE OF INCLINATION, THE PROGRAM WILL PLOT THE
PATH OF THE PROJECTILE ON THE TYPEWRITER*
CONFIGURATICN-MINIMUM 160-A AND TYPEWRITER.

AZ3903 MORTGAGE AMORTIZATION
THE PROGRAM HAS TWO OPTIONS - 1. COMPUTES THE MONTHLY
PAYMENT NECESSARY TO AMORTIZE A GIVEN PRINCIPAL AMOUNT
AT A GIVEN INTEREST RATE FOR GIVEN DURATION, AND
2. COMPUTES THE DURATION NECESSARY TO AMORTIZE A GIVEN
INTEREST RATE WITH A GIVEN MONTHLY PAYMENT.
CONFIGURATION-MINIMUM SWAP 160-At 161 TYPEWRITER.

1~*
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A2.

IDENTIFICATION

Title: Paper Tape Edit - Ident. A2.01A
Programmer: Harold C. Schnackel, February 1961

PURPOSE

This program permits changes to be made to symbolic paper tapes prepared for
assembly via FLAP, or OSAS. Changes may be in the form of replacements,
insertions, or deletions of complete lines relative to the tape to be corrected.

USAGE

1. Operational Procedure

a. Machine load bioctal program tape at location 0000.

b. Position correction tape in reader, master clear, and run.

c. When correction tape has stopped, position the tape to be corrected
in the reader, and run. The original tape will read in and the
corrected tape will be punched out.

d. NORMAL STOPS (OCTAL)

0657: Correction tape has been read in correctly, RUN from
here to read tape to be corrected.

1067: WAI pseudo-op on the original tape has been encountered.
If more input is to be processed, RUN. If no more input
is to be processed, make the A-Reg. non-zero and RUN.
This will complete output punching and indicate if all
corrections have been processed.

1106: END pseudo-op has been encountered or WAI has been
previously encountered. The input tape has been edited
completely. This is the final normal stop.

3. Space required

a. Program plus transient storage occupies locations 0000 through 1232.

b. Input from the correction tape occupies locations 1467 through 7776
as needed.

c. Locations 1267 through 1466 are reserved for output characters.
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7. ERROR STOPS (OCTAL)

0512: There was an error in the edit tape; a line was referenced
incorrectly. Continuation will cause the current correction
code to be bypassed and the next to be processed.

0572: Computer capacity for holding the corrections has been exceeded.
Corrections must be reorganized into two or more passes.

0755: A non-digit character, with the exception of blank, space, and
delete code, is present in the additive field of a correction

code line. Correction tape must be corrected.

1032: No correction code found - machine error.

1057: An illegal edit code (outside the set d, i, r, z) has been
encountered. Restart after correcting correction tape.

1107: Corrections not completed. RUN to punch out correction code
not processed.

1207: Final error stop after 1107 has been reached.

10. Input and Output Formats

FLAP and OSAS formats may be used on the tape to be corrected. The
format of a correction specification line on the correction tape is as
follows:

a. Tab

b. A letter of the set d, i, r, s where
d - delete. The delete code followed by two minus signs (--)

in the address field and n in the additive field will
cause n lines of information to be deleted from the sym-
bolic paper tapes.

i w insert
r - replace
z a end of correction tape

c. Tab

d. Location symbol on original tape

e. Tab

f. Pure decimal digit address relative to the location symbol. The )
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absence of a location symbol means that this numerical quantity is

an absolute line count.

g. Carriage Return

The following example illustrates formats of input and output tapes.
Symbolic tape to be corrected:

abcd ldf qsr
adn 22
sbf qxr
sti cntr
ldf 02
jfi 02

next
subr

next aod cntr
zJf 01
Jpi Xyz
hlt 00
end

Corrections to be applied:

r abcd 1
add XYZ
d -- 3
i abcd 7
aod stu
sJf 05
d o- 2
d next 1
d Io 1
z

Corrected Symbolic Tape:

abcd ldf qxr
add xyx

jfi 02
next

aod stu
zJf 05
hit 00
end
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11. Timing: Limited by paper tape reader and paper tape punch.

12. Cautions to user:

b. Tape to be corrected must begin with a carriage return.

b. Tape containing the corrections must begin with a carriage return.

c. Any character in the additive field of the correction specification
line that is not of the set (null, space, digit, delete code) will
cause an error stop.

d. The additive field of the correction specification line may be
terminated only by a carriage return.

e. The correction specification line identification, i.e., the symbol
and additive fields, is always relative to the original program list-
ing.

f. When the block delete code immediately follows a d or r code, the
n lines following the line referenced by the d or r code will be
deleted.

g. When the block delete code immediately follows an i code, n lines
including the line referenced by the i code will be deleted.

h. There may be any number (within the capacity of the Edit Program)
of consecutive insertions or replacements following a single
insertion or replacement code.

i. A replacement of line n with m new lines is equivalent to deleting
line n and inserting the m new lines at n + 1.

J. An insertion results in a line or lines inserted AHEAD of the line
specified in the correction code.

k. The order of corrections (correction line identificatio4 must be
according to the original list.

1. The symbolic identification of a line of the original listing must
be made either by the location symbol of the line itself or by
relative reference to the last symbol preceding the line.

m. The same line in the original listing may not be referenced by more
than one correction code.

n. To facilitate editing symbolic tapes to be assembled by FLAP, a
plus or come symbol in the location Field of the original tape
will be ignored as a tag.

14. Equipment configuration: Minimum SWAP 160 Computer
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I3WTIFICATION

Title: Magnetic Tape to Flex Tape - Ident. A3.02

Programmer: J. A. Pederson, April 1961

Convert 80 character BCD coded information on magnetic tape in format of) OBAP card input. This tape is suitable for listing on a Flexowriter and
as input to the paper tape version of OCAP.

USAGE

1. Operational Procedure

a. Load program tape

1. Turn on reader and insert S 028
2. Master Clear
3. Set Load-Clear switch to LOAD
4. Run (P-0000)

b. Load magnetic tape

1. Place tape to be converted on tape unit
2. Select tape unit 1
3. Select CODED nods
4. Set to Load Point

c. Turn on punch
d. Set P-0000
e. Run
f. Routine stops when end-of-file is read

3. Space Required: 3308 - 21610 locations

7. Irror Stops: Parity errors cause the routine to re-read tape three times
before stopping.

13. Cautions to User: Inspect first fraie on Flex tape output for carriage
retur (45).
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A3.
IfElTIFICATION

Title: OSAP Symbolic Flex Tape to Cards - Ident. A3.03 (SBNCD)

Programmer: J. Eumet Murphy, January 1962

PURPOSE:

To convert 0BAP Symbolic Flex tapes to Hollerith cards.

USAGE:

1. Operational Procedure

a. Machine load bioctal program tape at zero.
b. Clear console and set any of the desired suppression codes in the

A-register:
4000 - suppress card sequencing
2000 - suppress reading and converting flex tape

(sequence cards only)
If no suppression codes are used, the program will convert the Flex
tape to sequenced, Hollerith cards.

c. Load Symbolic Flex Tape to be converted and run.
d. After final halt, load the next tape to be processed and continue

as follows:

1) For continuous sequencing, run from final halt (loc. 1708).

2) To re-initialize, clear, set parameters in A-register and run.

7. Error Stops:

4148 - too many suppression codes: suppress everything.

4638 - card punch not ready.

10. Timing:

Maximum Punch speed.

13. Configuration:

Minimum 160 or 160-A computer, 1610 and 523 Card Punch.
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A
ZIT 0IF3 CATION

Title: Binary Loader for IPP-33 InUt - Ident. A4.1lA
Prog ramers: D. A. Nelson, 1. Hecker, July 1961

PURPOSE
This routine loads binary object program tapes ýrepared by FLAP (Al.0o).
Program lcaded by this routime are stored into memory and are ready
for emscution by FPP-33 (BI.00).

The binary object program tapes prepared by FLAP are relocatable. This
mans that if the programer follows certain rules, then the FLAP binary
object program cam be loaded and ezecuted from 160 memory locations other
than those specified in the symbolic Input.

USAM

1. Operating Procedure:

This routine is In 7400-7743 of FFP-33.

a. Turn on reader.
b. Position FLAP binary object program tape In paper tape reader.
c. Set (A) = b, where b is the relocation constant.
d. Set P 7400
e. PAM
f. Normal Stop:

P -7541l Z -7700
At the normal stop (A) - S where S is the 10&* address specified
In the N-term of the END pseudo-instruction in the assembled
program. If no address is specified, then S is zero. Normally
8 will be the starting addaess of the program to be simulated.

If 8 Is in the A register, then rumnin from normal loader stop
(t151) vifl enter the slmalator and begin execution of the program just
loaded.

3. Spae Rlequired: 74M0 - 77113 of FPP-33.

7. Error Stops:
P Z Beason

a. 7404 7701 Bias quantity (b) Is greater than 10008.

b. 7416 7702 Incorrect biasry tape label, i.e. the first
nom-blank frame emcoumtered does not contain
punches In lewls 1 thru 6.
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P Z Reasons

c. 7507 7703 Current load address out of range. NOTE: FLnP
In capable of assembling progras that cannot
be run under control of :PP-33.

d. 7522 7704 Checksum error, bit run to ignore checksum
error and go to normal stop.

e. 7766 7713 Illegal decimal number. Hun to get error
print-out as in siuwlator.

10. Timing:
The tape will be loaded at full tape speed unless DEC pseudo-ops
were included in the assem bly. When a decimal nmaber is encountered,
the loader must convert It to FPP-33 floating point format before
storing.

13. Equipment Configuration - Minimm 160 Computer.

KMNOD

The loader examines two frames of the FLAP binary output tape at a time.
The seventh level bits are used to sigify whether the information is a new
load address, FPP-33 instructions to be stored, checksm, or a DEC number
carried along by FLAP.
When a load address is encountered, the previous load address is replaced
by that one. When 1604 instructions are encountered as binary inforuation,
they are stored sequentially starting at the last load address specified.
If a DEC number Is encountered, PPP-33 conversion routines are used to
prepare It Into FPP-33 floating point format and the result stored. The
checksum consits of the last two frames on the binary tape.
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AD1,01

IDENTIFICATION

Title: Floating Resident Service Library - Ident ADl.Ol
Programmer: A. Perro, December 1961

PURPOSE

Load memory from punched paper tape or the on-line electric typewriter; or
dump the contents of the memory on punched paper tape or the on-line typewriter.
The accuracy of the punched paper tape may be verified. Selection of input
or output option is made at the console.

The following subroutines are callable from the resident service library:

Bi-Octal Punch Flex Tape Verify
Bi-Octal Verify Type Load
Flex Tape Load Type Dump
Flex Tape Punch

USAGE

1. Operational Procedure

a. Load the program tape for RESERV as follows:

1) Turn on the reader and insert the program tape anywhere on the
blank leader.

2) Lift load - clear switch in LOAD position and set P - to any
desired location, X.

3) Press run switch.

4) Computer stops

P - X + 5728
A a 4210

b. Type load - used to store data received from the on-line electric
typewriter.

1) Turn on electric typewriter.

2) Put operation mode switch into CLEAR position,

3) Press operation mode switch into COMPUTER position. The ready
light should be on and the input request light off.
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4) Check to ensure input disconnect switch is in center position.

5) Set P - initial address of RESERV (x).

6) Press run switch. The status indicator will immediately show an
input (IN) condition. The input request light and the ready
light on the typewriter cabinet will also be on.

7) Type in instructions and data using the format described in the
Flex Tape Load program.

8) Discrepancy - computer stops

P X + 3638
A -address of discrepancy
Z = 0000

To continue the program press the run switch after returning it
to the center position.

9) End of file code - a period typed after the last carriage return
causes the program to stop.

P : X + 3048
Z - 7700

10) To repeat the program press the run switch after returning it
to the center position,

c. Type Dump - produces listings of programs directly on the on-line

electric typewriter,

1) Turn on typewriter.

2) Put operation mode switch in the CLEAR position.

3) Put operation mode switch in the COMPUTER position.

4) Check to ensure input disconnect switch is in the center position.

5) Set P - initial address + 3 of RESERVE (X + 3).

6) Press run switch.

7) After first stop set bank selection in right most 3 bits of A.
Run,

8) After second stop set A - initial address to be dumped. Run.
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9) After third stop set A - last address to be listed. Run.

10) Type dump will produce the specified listing allowing up to 48
individual listings on each page, with a double space preceding
each listing group whose initial address is divisible by eight.
Each listing contains a tab followed by (4 digits) which is the
information. Address locations appear only at the beginning of
each 10 group of listings. Computer stops to allow the operator
to chanle paper.

11) End of Page

P - X + 5468
A - 0000
Z - 7700

Continue by pressing the run switch after returning it to the
center position.

12) Program stop - typewriter shows listing is completed by an end
of file code (carriage return followed by a period).

P - X + 5678
A - 7677
Z - 7700

d. Floating Flex Load - load previously prepared Flex coded paper tape
in specified memory locations.

1) Turn on reader and insert tape to be loaded somewhere on the blank
leader.

2) Set P - initial address + 6 of RESERV (X + 6).

3) Press run switch - program will store and check the information
following the first carriage return character on the tape.

4) Computer stops on finding a discrepancy

P - X + 3638
A - address at which discrepancy occurred
Z - 0000

5) Program stop

P - X + 3048
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Characters 0-7, carriage return, tab, and period are recognized by
the program. All other non-printing characters are ignored by the
program. A carriage return defines the beginning of a line.

Tape may be prepared in a nine digit format giving the bank designa-
tor followed by the four digits of the address followed by the four
digits of the instruction or constant. A space or tab may or may not
.be inserted between the address and the data in this format. An
eight digit format may be used but a TAB MUST SEPARATE THE ADDRESS
FROM THE DATA and the program will store the information in the
INDIRECT BANK which the operator manually sets. The program always
takes the last four characters and stores them at the address
specified by the first four characters.

Tape may also be prepared in a four digit format in which a carriage
return followed by a tab followed by four characters of data make up
a line. The program will take the four characters and store them at
the next consecutive memory location following that at which informa-
tion was last stored. If an insufficient number of digits in either
format is present on a line, the data on that line will be ignored,
A period appearing after a carriage return or a tab is interpreted
as an end of file code and will cause the program to stop.

The following is an example of format supplied to Flex Tape Load:

Address Instruction Comments on Program
1463 3051

4163
5410

1500 6550
4310

4306 0112
5060

0277
1793

(period causes pro-
gram to stop)

The Flex Tape Load program would cause the following information to
be stored in memory:

Location Contents
1463 3051
1464 4163
1465 5410
1500 6550
1501 4310
4306 0112
5060 0277
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The last entry is missing because the program ignored the 9 and rejected
the data because only three recognizable characters were left on the
line.

e. Flex Tape Punch - produce paper tape listings of a program suitable
for off-line printing on a Flexowriter or re-entry into the computer
via the Flex Load option.

1) Turn on punch.

2) Set P - initial address + 14 of RESERV (X + 14)

3) Press run switch

4) After first stop (K + 413) set bank selection in A. Run.

5) After second stop (X + 421) set A = initial address to be
listed. Run.

6) After third stop (X + 424) set A - last address to be listed. Run.

7) Program stop

P - X + 567

Flex tape punch will produce the specified listings allowing up to
48 listings on each page, with a double space preceding each listing
with an address divisible by eight. Each listing contains a tab
followed by (4 digits) which is the information. Address locations
appear only at the beginning of each 108 group of listings.

f. Flex Tape Verify - verify the accuracy of a tape prepared by Flex

Tape Punch.

1) Turn on reader

2) Insert Flexowriter tape into reader someplace on the blank
leader.

3) Set P a initial address + 11 of RESERV (X + 11)

4) Press the run switch. On encountering a carriage return the
program will begin assembling information according to the
format rules given under Flex Tape Load. It will check this
information against the current contents of the specified area
memory. To verify a previously prepared tape proper indirect
bank selection mey be made.
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5) Discrepancy - computer stops

P - X + 3638
A - address of discrepancy
Z - 0000

Press run switch after returning it to center position. Program
will continue to check the rest of the tape,

6) Program stop

P - X + 3048
Z - 7700

g. Floating Bi-Octal Punch - punch out portions of the 160-A memory
bi-octal format.

1) Start punch motor

2) Master Clear

3) Manually set the last octal digit of A to the memory bank from
which you wish to punch data

4) Set P - initial address + 17 of RESERV (X + 17)

5) Press Run switch

6) Computer stops

P w X + 44
Z - 7700

7) Set A - initial address of the region to be punched

8) Press run switch after returning it to the center position

9) Computer stops

P - X + 47
Z - 7700

10) Set A - last address to be punched

11) Press run switch after returning it to the center position

12) Program stop

A = X + 36
Z - 7700
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h. Floating Bi-Octal Verify - verify accuracy of a tape prepared by Bi-
Octal Punch.

1) Set P = initial address + 21 of RESERV (X + 21)

2) Set A - first data word location on the tape; set indirect bank
to the bank where data is to be verified

3) Turn on reader and insert tape

4) Press run switch

5) Discrepancy stop

P - X + 143
A - address of discrepancy
Z - 0000

6) Format error on the tape

P - X + 141
Z-0

The tape must be removed because the computer will not accept the
remainder.

7) Program stop

P - X + 104
Z - 7700

2. Space Required: 5728 - 37810 locations

3. Timing

Output, approximately 110 frames per second
Input, approximately 350 frames per second

4. Cautions to User: Off line prepared Flexowriter tapes must start with a

carriage return, code 45; input from typewriter must also start with a

carriage return.

5. Equipment Configuration: Standard 160-A Computer.
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Dl.

IDENTIFICATION

Title: Magnetic Tape Bootstrap 160-A - Ident. ADl.02
Programmer: David W. McIlhenny, May 1962, Fleet Numerical Weather Facility

PURPOSE

The bootstrap program is used to keep itself and programs or data on magnetic
tape (163-2 units) in order to eliminate paper tape handling. The bootstrap
may be loaded and blocks written or read by simple console entry of pertinent
data.

USAGE

1. Operational Procedure

a. To load bootstrap from magnetic tape:

(1) Magnetic tape with bootstrap rewound on unit 4

(2) Set tapes to binary

(3) Enter the following sequence beginning at location 0000:

7500
2134
7203
7400
7700
7100

(4) Clear, start at 0000

b. To load bootstrap from paper tape:

(1) Clear, load paper tape at location 7100 using binary loader.

c. To write a record on tape:

(1) Clear, P - 7100 set A - bank number, start
(2) P - 7110 set A - first address of block, start
(3) P - 7113 set A - last address + 1 of block, start
(4) P - 7117 set A - record number, start

d. To read a record from tape:

(1) Clear, P - 7220 set A - record number, start
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3. Space Requirements

277 words octal
.191 words decimal
program is assembled in bank 0 7100-7377

7. Stops,

a. 7332 - Final stop both read and write

b. 7307 - Read end of file

On Read: This block is not on the tape.
On Write: There are not enough records to make this the one

desired.

c. If tape rocks continually, the program is having difficulty in reading
or writing the record desired. Put stop switch 4 up to stop rocking.
The program will stop at P - 7271 with the type of error in the A
register:

A - 0004 parity
A - 0020 read end of file; record is not there
A - any other; check sum is bad on read

9. Tape Mounting

The bootstrap uses tape unit 4 in binary.

12. Cautions to User

a. The bootstrap cannot be used to load information into locations
7100-7377 of bank 0. It may be reassembled to do so, but must be
in bank 0.

b. Do not try to insert a block in the middle of a series. For example
do not rewrite block 3 of a tape containing 5 blocks; the ones
subsequent to 3 would be destroyed.

c. Do not step through program.

14. Equipment Configuration: Minimum SWAP 160-A and 163 Tape

METHOD

1. A maximum of safeguards, such as extra waits, are incorporated for
dependability. Records are checked for both lateral parity and long-
itudinal checksum.
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2. The bootstrap writes itself on the tape as a "flag" record when writing
block 0. It searches for itself in order to synchronize when reading.
Blocks are written with a 5 word identification record preceding each
one. An end of file is written after a block when the write operation is
performed.
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D2.
WDERIFCATION

Title: Simultaneous Card-to-Tape, Tape-to-Print Prosram (S330)
Ident. AD2.02

Progamer: Larry Brown, June 1962, Control Data Corporation

PTRPOSE

Provides a peripheral processing system 'hich fully utilized the capabilities
of the 160-A Computer by running a card-to-tape operation simultaneously
with a tape-to-printer operation. About 90% of u zxlmm speed is obtained.

USAE

1. Operational Procedures

Load the bi-octal tape into bank 0 starting at 0000. Master Clear, start
at 0000 with O01W in the A-register as in 2 below.

2. Parameters

OWXr as follow:
0-0
W 1 Card-to-tape

- 0 no card-to-tape

X - 1 Tape-to-print
- 1 no tape-to-print

Y - 0 use carriage control for tape-to-print
12 single space tape-to-print

= 2 double space tape-to-print
- 3 triple space tape-to-print

The Y parameter may be entered even thou~h tape-to-print is not selected
(i.e., X = 0). This allows subsequent starting of the tape-to-print
operation by means of Jump switch control (See 10.c.2.).

At each progra stop A - 0000. A new OMZ parameter may be inserted
in A at that time, or A may be left 0000 to continue using the previous
parameter. See Appendix 4 for full discussion of propa stops.

3, Space Required

4158 - 2 133•o locations in bank 0
1•&8 - 82010 locations In bank 1

5. Bank Allocation

Upon entry to the routines the direct, Indirect, an buffer bank settInp
have been set to 1, and the relative bank is 0. Do not chaap then bank
settings.
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7. Program stops

Ten program stops are provided to indicate various error conditions,
jump switch settings, and end-of-operation conditions. See Appendix 4for discussion of stops.

9. Tape Mountings
a. Output tape, for card-to-tape operations, selection 1.
b. Input tape, for tape-to-print operations, selection 2.

10. Formats

a. Input, card-to-tape
1. BCD cards. Standard 80-column card with punching as per

standard Hollerith set.
2. Binary cards. STandard column binary card, 7-9 punch in

column 1.
3. End-of-File Card

Column 1 and 2 7-8 punches
Column 3 and 4 12-1-4-7 punches
Columns 5 through 5 blank
The end-of-file card terminates the card-to-tape operation, after
causing an end-of-file mark to be written on tape 1. (During
simultaneous operations the tape-to-print portion vill continue.)
See Appendix 1 to change the end-of-file card configurations.
Cards are read from primary read station only.

b. Output, card-to-tape

1. BCD card images
80 character BCD image in even parity plus 8 look-ahead
characters as follows:

20 20 20 20 20 20 20 20 if the next Image
on tape is a BCD Image in even parity.
11 11 07 07 20 20 20 20 if the next Image
on tape is binary ima in odd parity.

2. Binary card Images

160 character binary image in odd parity plus 8 100k-ahead
haoers as follows

00 04 00 00 00 01 00 00 if the next i=4g on tape
Is a BCD Ima in even parity
00 05 00 01 00 05 00o04 if the next imame on tape is a
binary 1=4ge in odd parity
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See Appendix 2 for discussiom of changin the character alse
of the Impes, and of cheaging or el~inating the look-asad
characters.

3. Input format, tape-to-print

ikxam 12010 character records In even parity. An end-of-file
mark or end.1f tape reflective marker wll stop the tape-to-
print operation (during simultaneous operations the card-to-
tape portion wlln continue.) If the carriage control feature
of the progrm Is used, the first dharacter of the record is
the control character.

4. Output format, tape-to-print

Naxmum 120 character line(sae length as input record)
printed. i first tape character In print position 1, the
second In print position 2, etc. The first character is printed
as blank If carriage control mode is selected.

5. Carriage control character.

Mhe program recognized the following carriage control
characters.

018 Skip to Format Chnel 8 (pap eject)

028 Skip to Ibmt Channel 7
128 Double space
208 Single space

08 Triple space
All spacing and channel skipping is Interpreted as spacing
before printing.
Provision has been made to allow Monitor channel skipping aid
other Interpretations of carriage control characters.
See Appendix 3. for ful discussion.

c. Selective Stop and Selective JW Switches

1. Selective Stop Switches: Not used.
2. Selective Jfp Switches:

S1 = in the Up position program will start saseataneous operations
if a card-to-tape only or a tape-to-print only operation
is in progress. 7or this option to be available, Jf
switch #1 must be at least mmentarily In the neutral
position.
-Not used

-In the UP position.,progra will stop. See Appendix 4i.
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1i. Timing
a. Card-to-tape operations: 650 cards per minute.
b. Tape-to-print operations: 1000 lines per minute, maximum.
c. Simultaneous operations proceed with an overall speed of

approxhately 90-95% of madm.

13. Cautions to User

Do not step through this routine. Do not take computer out of RUN.

To stop the program use jump switch 4 as in 10.c.2.

14. Equipment Configuration
160-A - Minimum SWAP Configuration
163-2 - on normal channel
1612 - on normal channel
1610 - (with 088 card reader) - buffer channel

Tapes are written and read in character (6-bit) mode only.

A Note on the Programing Appendices

Provision has been made for this program to be easily adapted to meet the
requirements of any installation. Changes may be made to the routines for
1) the end-of-file card, (2) the look-ahead characters and tape record length,
and (3) tape-to-print carriage control interpretations. Each of these has
been placed near the end of the progrm so that they may be found easily
by the prograumer.

Upon entry to the routines the direct, indirect, and buffer bank settings
have been set to 1, and the relative bank is 0. Do not change these bank
settings. Except where noted, contents of the A-register upon entry or
leaving these routines need not be guaranteed.

Temporary storage for the routines may be made available by reserving
locations in the relative bank 0, and referencing them with relative forward
and relative backward mode instructions. Direct storage locations 00 and 77
Are also available, as these are not used by the main program. In addition,
at least two other direct storag locations may be changed by the progrmer,
as noted in the appendices. Unless otherwise allowed, changing of other
locations is not permitted.
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APPEX I

Prostming fo% the and-of-File Card.

The •:d-of-7i3,e card must appear aDOn il3.e..D card., that Is, not both
s7 and 9 In column 1 may be pchd at it least one non-Hole•rith much

combination must appear on ase card column.

When the illegal punch cowbination is recogii~ed, the program transfers to
location CDCK9 to determine if this Is an H-of-1.Me card or an illegal BCD
card. The check is to be made on the actual card Image in memory. Direct
storage locations TIU contains the address of the first 12-bit vord (9 row
left) of the card image. The card image is located in 84 consecutive addresses
and is to be exmined to determine if it is that of an M-of-File card.

If the card ima is that of an End-of-File card, return to the main progm
at location BDJC; otherwise return to location ERBED.

Direct storage locations available for changin: •B and TUW2.
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APPENDIX 2

Programi•ng for look-ahead characters and tape record length.

The length of the tape record written by the card-to-tape portion of the
program is composed of two parts: (1) the number of characters in the tape-
image - 80 for BCD records and 160,0 for binary records, plus (2) the number
of look-ahead characters. The tap record character length is kept in direct
storage locations BCDING for BDD records and BIIIIG for binary records. These
direct storage locations are set during normal start at 0000 procedures, at
locations (0)0010 and (0)0013. The record length may be changed by the pro-
grammer, but records longer than 17610 characters are forbidden.

The main program determines the card type (BCD or binary) of the current and
next card image and following the conversion to a tape image transfers to one
of the four following routines for insertion of look-ahead characters:

location

BCDBCD - if a BCD card image will follow current BCD card image
BCDIN - if a binary card image will follow current BCI) card image
BIDI - if a binary card image will follow current binary card image
BINBD - if a BDO card image will follow current binary card image

The look-ahead characters are to be stored in consecutive locations, 1 character
to a computer word, placed in the low-order 6 bits of the word. (Tapes are
written in the character mode only.) Direct storage location STORE, upon entry
to the above routines, contains the location to store the first character.

It is not necessary to have any look-ahead characters; the tape record length
may be set to 80 characters for BCD cards or 160 characters for binary cards.
After setting the look-ahead characters, the routne must return to program
location CDCK1.

Direct storage locations available for changing: STORE and T3HP2.
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APPENDIX 3
Progring for control of the 1612 printer carriage control tave.

If carriage control of the tape-to-print portion of the program is selected
(parameter Y - 0 as in C.2 abive), the prorm transfers to location TCJ!
for each tape record read with the control code in both the A-register
an direct storage location TCQSVZ.

The TCE routine is to interpret the control character and return to the
main program at location TCCBK5 with a parameter in the A-register as follow:

A - 0000 - single space
A - 4CW - skip to format Channel 8 (new page)
A - 2000 - skip to Format Channel 7
A - 1000 - skip one line (double spacing)
A - 04MO - skip tvo Lines (triple spacing)
A - OOPO - skip to Monitor Channel P

All codes are interpreted as spacing before printing. Normal single spacing
always follows every line printed. Skipping to Monitor Channels 1-6 is for
the furrent tape record only; the select. on is removed for subsequent records.

If carriage control mode Is not selected (i.e., if parameter Y-l, 2 or 3 in
C.2 above) the TCKT routine is not entered. Instead the proram maintains
an Internal count of the nmaber of lines per page and pa ejects *hen
necessary. The nwber of lines used per page is stored in direct stomape
location and is set during normal start at 0000 procedure@ at locatlin
(0) 0005. This parameter my be changed-if required.
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OPENDIZ 3 (Contz.

Stop Location If A-OOO0 upon restart Reason for start
will continue with

F"K CA3-TO-TAPE ONLY o2M OM

0063 Card-to-tape Tape write EOT or bad
spot on tape

0066 Card-to-tape E-0-F card or illegal
BDM card read

0071 * Card-to-tape JuMp switch 4 set

FROM TAPE-TO-PRINT ONLY OPERATIONS

0074 Tape-to-print Read tape M0F or OT

0077 Tape-to-print Jump switch 4 set

MISCELIANEOUS

0102 Elecutes a start at Illegal parameter
0000 operation (W.X-O)

* br the two stops at 0060 and 0071 a card has been read and its image is
in memory. If A is non-zero upon restart and if parameter W-O, the card
image will not be processed. A start at 0000 sequence will always cause loss
of any Information In core memory.
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APPENDIX 4

Program Stops

Any tape-to-print operation started by the program has been ccmpleted at the
time of all program stops. All non-end-of-file tape records read have been
printed and the read tape is in position to continue reading with the next
record. If an end-of-tape reflective marker has been encountered, the tape
is in a rewind unload status.

A card has been read and its image is in core, but has not been processed at
the time of the $up switch 4 stops (0060 and 0071). At all other stops no
useable card image is in memory.

Pbllowing the processing of an end-of-file card, the write tape is positioned
immediately after the end-of-file mark written. After the error conditions
have been noted, the loss of information is inevitable and the position of
the write tape or of cards in the card reader cannot be predicted. If an end-
of-tape reflective marker has been encountered, the tape is in a rewind unload
status, but at least one record has been Written beyond the end-of-tape marker.
At each stop the A-register is 0000. If the A-register is 0000 upon restart
the program will continue as per the chart below. If the A-register is non-
zero, the value will be interpreted as a new M p ter (see 10.c.2.
above).

Stop Locations

If A-O00 upon restart Reason for stop
will continue with

0047 Simultaneous Tape-to-print over and
either tape write EDT
or bad spot on tape.

0052 Tape-to-print Tape write EOT or bad
spot on tape

0055 Simultaneous Tape-to-print over and
either Z-0-F card or
Illegal MD card read.

0060 * iutn sJMp switch 14 set
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IDENTIICATION
Title: Peripheral Integrated Utility System (PIUS) - Ident. AD2.03
Programer: E. J. Rosenberg, July 1962, System Development Corporation

PUWOSE
To provide a program to correlate and control a library of 160A routines

in an executive utility system.

USAGE

1. Operating Procedures

A. General (applies to any of the following control methods)
1. Load P.T. Bootstrap at 7750 in Bank 0.
2. Mount PIUS Master Tape on logical tape drive 2.

B. Typewriter Control
1. Set selective Jump 1.
2. Clear and run.
3. Type in 4 character name of desired routine. If less than

4, terminate with a period.

C. Card Control
1. Place control card in card reader
2. Make card reader ready
3. Clear and run.

D. Program Control
1. Either the subroutine "CALL" (see appendix 1) or one of

similar nature must be assembled with the controlling program.
2. The following locations in bank 1 must be respected:

70 - Any parameters necessary in "A" upon entrance to
requested routine.

71 - 0 - to preclude card read selection
72 - BCD code for 1st 2 characters of requested routine

(assembly mode)
73 - BCD code for 2nd 2 characters of requested routine

(where name is of less than 4 characters substitute
0's in lieu of BCD 20 code)

74 - 1 - flag to PIW to indicate program control
75 - Relocation address of requested program (%here a applicable).
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3. Program utiliz:Lng this Calling sequence must consider beak
selection (as listed in the directory) of desired routine
when Jumping to it. The relative beak of the called routine
must be the sane as that of the controlling program.

4. In the case of 05A* store the I/O configuration selections in
72 and 73, i.e., they become the routine name.

MESSAGES

A. Typewriter

1. NOT A CONTROL CARD. No asterisks in column 1.
Make corrections and run.

2. PROGRAM WFERCE ERROR. The program requested is not in
directory. Try again.

3. READY THEI/0 EQUIPMF AND RUN. I/O routine has been selected.
Stop and wait for magnetic tape, etc. Run to continue.

4. ENTER PARWMMI'E. While under typewriter control, you must
key into "AV desired parameters and run.

5. RElOCATE AT. Type in relocation address and run. If none, run.
6. TP Im YOU I/O sEIBOTIOI AID RUn . 08*s has been requested.

Type in your I/O configuration and run.

B. Printer

1. Control card image.

EOR STOPS

3511 - A card other than a control card has been read. Clear the
card reader., correct the control card, return to reader, and run.

NORMAL STOPS

3706 - Stop to allow I/0 selection to be made. Run to continue.

371.5 - Stop to allow input of Parameters. Run to continue.

TAPE ASSIGN3ET

The PIUS MASTER will be assigned to logical tape drive #2. Consists
of 1 file vith X + 2 records. (X - # of separate routines and program
included.) The first record is PIUS Control, the second record is the
directory.
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CONTROL CARD

Format: Columns Contents

1 Asterisks
3-6 Routine name as designated in directory
9-12 Entrance parameters

25-28 Relocation address

JtP AND STOP KEY SELECTIONS

SLJ 1 - Typewriter control
SLJ 4 - Suppresses control card printing on 1612

NMWD

The system consists of 2 control records on a magnetic tape and 1 paper tape
bootstrap of 528 locations. The bootstrap is loaded in high core of Bank 1
and operated.

This bootstrap loads the PIUS control program into Bank 1 and operates it.
PIUS calls in the 2nd record, the directory, which contains seven words for
each record on the master tape in the following format:

Word

1 First 2 BCD characters of the program name.
2 Second 2 BCD characters of the program name.
3 Loading address
4 Last word address + 1
5 Complement of the record number
6 Beginning address
7 Routine Qualifications Viz:

i t n Betto Bank in 111t111 11ce
is relocatable, which this routine Parameters are

(bit -1) is to be loaded. re.uired
(bits 3,4 & 5) (bit 0)

It searches this directory for the routine name requested and reads
that routine into the computer as prescribed by the renaiing five
words of the directory.
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RESTRICTIONS

A. Requires a minimum 160-A with 163 tape cabinet and 161 typewriter.

B. Any routines written to be subject to PIUS control must not use the
following locations:

0-i1 BankO
70-77 Bank1

7750 - 7776 Bank 0

C. Must not be programmed so as to be loaded above location 5700 of Bank 1.

STORAGE REQUIRE1MM

A. Program 427 locations of bank 1 (PIUS).

B. Storage 200 locations of bank 1 (Directory).

C. Storage 27 locations of bank 1 (Direct Cells-PIUS).

REFERENCES

A. PIUS Master Magnetic Tape.AF/CPL #

B. Symbolic Deck AF/CPL # dorking ID

C. Assembly Listing AP/CPL #
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APPENDIX I

MAIN PROGRAM

JPR "CALL RETUf JUMP TO CALLING SEQUENCE SUBROUTINE
LDS SPECIFIC WILL CONTAIN THE BEGININNG ADDRESS
STF 2 OF THE REQUESTED ROUTINE
JPR XXXX RETURN JUMP TO ROUTINE JUST OADED INTO STGE.

CONINU]E

JFI 1 RETURN TO MAIN PROGRAM
CALL 0 RETURN JUMP ADDRESS

CTA CONTROL TO "A"

LPN 7 BANK CONTROL INTERROGATION
ADN 10
STF BEL
CTA
8s6

• •STF BUFF
CTAI56
LPN 7
ADN 40
STF DIR
CTA
LPN 70
ADN 20
STF IND
LDD MITERS IF OBJECT PROGRAM REQUIRES PARAMETERS STORE
STD 70 TM24 IN LOCATION 70 OF BANK 1.
LVi 0
STD 71
LDC 4724 BCD CODE FOR CHARACTERS PU
STD 72
LDC 4400 BCD CODE FOR CHARACTER M ONLY
STD 73 (0 SUBSTITUTED FOR BLANKS)
IDN 1
STD 74 SET FLAG FOR PIUS TO EWCONIZE PROGRAM CONT.
LDC 3000 STORE THE RELOCATION ADDRES (WHERE APPL.)
STD 75

BOOT EQU 7751 THE 2D LOCATION OF TIM BOOTSTRAP
PTA
AMI 3
ACJO SET ALL BANKS TO 0 TO OPERATE PIUS BOOTSTRAP

*It elections are previously known this area may be dispensed with.
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APPEDIX I (continued)

JPR BOOT
IND 0
DIR 0
BUFF 0

LDC CALL 1 RESET INDIRECT BANK
0 THE SUBROUTINE HAS STORED AN SRJ INSTRU-

TION MERE
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E2.

IDENTIFICATION

Title: 167 Card Read Routine - Ident AE2.01
Programmer: A. R. Perro, October 1962 , Control Data Corporation

PURPOSE

Reads a Hollerith or binary card with the 167 Card Reader and stores the
information either packed (12 bits per word) or unpacked (6 bits per word)
in the lower half of each word. The routine allows 1-80 columns to be read
from a card.

USAGE

1. Calling Sequence:

L- 1 LDN PARAM
L JPL CARDIN +1
L+2 Starting location of input
L+3 Terminating location of input
L*4 Return

2. Parameters:

PARAM - 00OX X - 0 BCD X - 1 Binary
0 0OY0 Y - 0 Packed Y - 1 Unpacked

3. Space Requirements: 2438 = 22710 locations.

11. Timing: 1.5 milliseconds times number of columns per card plus 70
milliseconds latch up.

12. Caution to User:

No provision for bank settings is made in the routine.

14. Equipment configuration: SWAP 160-A computer, and 167 Card Reader.
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11.
I•DETIFICATION

Title: Punched Paper Tape Dupllcator - Ident. F1.00
Programer: J. Pederson, December 1960

PURPOSE

This program produces multiple copies of a given seven level punched paper
tape.

USAGE

1, Operation Procedure

a. Enter Tape

1. Turn on reader, insert F1.O0 tape and load starting P a 0000
2. Place tape to be duplicated on the reader and enter with

P a 0000. Tape will be read in until succeeding blank frames
indicate the end of the tape.

3. Program Stop
P= 0214
A = 0000
Z * 7701

1. If more information remains to be duplicated press switch after
returning it to center position.

5. Error Stop - More than 6395 frames have been entered.
P = 0206
A = 7777

b. Verify

1. Place tape on reader and run with P x 0001
2. Program Stop

P n 0034Z * 7707
3. Error Stop

P 0361
A a 0000
Z T 7705

c. Punch

1. Turn on Punch
2. Set P a 0002 A m namber of copies desired (in octal)
3. Press Run switch
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4. Program Stop.
P* 0320
Z , 7707
The program will punch an 18 inch leader between copies.

d. To Verify multiple copies

1. Place tape in the reader
2. Set P a 0001; A a number of copies to be verified
3. Error Stop

P a 0361
Z s 7705
Tear out bad copy. Master Clear. Place tape on the reader and
set P a 0030. Press Run switch. Alternative method: Set
P s 0001, A a remainder of the tape to be verified and press Run
switch. Program Stop with
P 0034
Z 7707
The program will copy up to 6395 frames of seven level tape and
produce the number of copies specified by the A Register. It
also produces an 18 inch leader between copies. Use F1.01
for tapes greater tban 6395 frames.

3. Storage Requirements: Program 0000 - 0377
Tape Image 00400 - 7775

13. Equipment Configuration - Minimum 160 Computer.
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Fl.

IDENTIFICATION

Title: Duplicate Paper Tape - Ident. AFl.OO

Programmer: J. A. Pederson, August 1960

PURPOSE

This routine duplicates information on paper tape from the photoelectric
reader to the high speed punch.

USAGE

1. Operational Procedure - The routine floats and may be loaded anywhere in
memory.

a. Load, set P = any arbitrary address.

7507 select reader
7210 read 2 frames
0072
7505 select punch
7305 punch 2 frames
0072
6506 go back
4102 reader code
4104 punch code
0070 start of I/O

b. Master Clear

c. Set P = starting address selected

d. Turn on reader and punch

e. Place tape to be duplicated in the reader

f. Press Run switch

g. To stop duplication return switch to center. The duplication process
stops automatically after the tape in the reader has been read.

3. Space required - 128 M 1010 locations

13. Equipment Configuration - Minimum 160 computer.
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IDENTIFICATION

Title: Punched Paper Tape Duplicator - Ident. F1.01
Programmer: R. M. Olson, February 1961

PURPOSE

This routine is designed to reproduce paper tapes of more than 6395 frames by

placing the paper tape image on magnetic tape.

USAGE

1. Operational Procedure

a. Load Program Tape S 025

1) Place S 025 tape in the reader and set P - 0050.

2) Set load switch and press run. )

3) Program stop

P - 0406
A a 2161
Z - 0000

b. Enter Tape to be Duplicated

1) Place tape to be duplicated in the reader.

2) Load a reel of magnetic tape onto tape unit. Check the following
items:

a) Magnetic tape unit 1 selected.

b) BINARY parity selected.

c) The tape is run forward past load-point, or is set to load
point and the CLEAR button has been pushed.

d) The magnetic tape unit has a green ready light on.

The magnetic tape units need not be touched during the rest of the
operations.
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3) Set P w 0050

4) Press Run switch

5) Temporary program stop

P - 0167
A - 0000
Z - 7700

At this stop there are two options:

a) If more tape is to be duplicated; press the Run switch after
returning it to the center position.

b) If at the end of the tape: Master Clear, set P - 0166, and
press the Run switch. This will transfer the last partial
block of data onto magnetic tape.

6) Final program stop.

P - 0204
A - 2161
A - 7700

7) Error Halt (parity error)

P - 0207
A - 2161
Z - 7750

c. Verify Master Tape and Copies

1) Place tape in reader.

2) Set P - 0052

3) Press the Run switch

4) Proper verify stop

P w 0320
A a 2161
Z - 7700

5) Improper verify stop
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P - 0316
A - 2161
Z - 7700

6) Error Halt (parity error)

P - 0306
A - 2161
Z - 7752

d. Punch New Copies

1) Turn on punch

2) Set P w 0054

3) Press the Run switch

4) Program stop

P - 0400
A - 2161
Z - 7700

5) Error Halt (parity error)

P - 0376
A - 2161
Z - 7754

3. Space Required - 3248 a 21210 locations.

4. Temporary Storage Requirements - locations 0070 through 0076.

12. Caution to user - Make certain that the magnetic tape unit is set to
BINARY mode and the Tape Unit 1 is selected.

13. Equipment configurations - Standard 160 computer.
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Fl

IDENTIFICATION

Title: Tape Leader. Preparation - Ident. F1.02

Programmer: J. A. Pederson, August 1960

PURPOSE

Used to prepare tape leaders which identify program tapes. The characters 0 to
9, as ST, P,R ,-,., can be punched on a tape leader.

USAGE

1. Operational Procedure

a. Load program starting at location zero.

b. Master Clear, turn on the punch and start. The program will punch two
frames of leader.

c. Place in A the desired character to be punched from the following table.

d. Push Run switch. The program will punch the character and stop.

e. After preparing the leader on the punch, run out about two inches and then
the desired program may be copied.

If the program is internal the resident service routine may be used to
punch out the information from core storage. By clearing and starting
at location 0050, the information on the photoelectric paper tape reader
may be repunched on the high speed punch.

Character Code in A Register:

0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 10
9 11

12
S 13
T 14
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Character Code in A Register (Cont.)

P 15
16

R 17

3. Space required 3118 = 20110 locations

4. Temporary Storage Requirements - 7 locations

10, Timing - Output approximately 60 frames per second

14. Equipment Configuration - Minimum 160 computer
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Fl.

IETIFICATION

Title: Tape Copy/Compare - Ident. Fl.05
Programmer: John Steffani, August 1962, Control Data Corporation

PURPOSE

This routine utilizes the Control Data 160 or 160-A computer +o copy or
compare magnetic tape files on 163 or 164 tape units. The operator has the
following options:

1. Copy or compare operation.
2. BCD or binary mode.
3. Rewind load at start.
4. Rewind unload at finish.
5. Up to () files can be copied or compared per run.

NOTE: For operations involving more than (T7)8 files, the following
procedure may be followed:

1. Enter control word in Direct Storage location 0067, (lower
6-bits zero).

2. Enter number of files to check indirect storage location 0064.
3. Set P to 0103.

.. Press UN.

USAGE

1. Operational Procedure

a. Clear core, set all banks to zero.
b. Set P-register to 0100.
c. Load bi-octal program paper tape.
d. Mount magnetic source tape, remove file protection ring, set unit

selection switch to #1.
e. Mount output or copy tape, set unit selection switch to #2.
f. Set both tapes to desired starting location (tapes must not be

in a rewind unload state).
g. Enter control word into A-register.
h. Set P to 0100.
i. Set RUN-STP switch to RN.

2. Parameters

a. Control word bit structure.
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Bits 0 thru 5 x set equal to number (octal) of files to be
copied or compared.

Bits 6 and 7 a set to zero.
Bit 8 a set to 1 for rewind with lockout both tapes when

number of files specified is completed.
= set to 0 for no rewind.

Bit 9 = set to 1 for rewind load both tapes at start
of operation.

m set to 0 for no rewind at start.
Bit 10 m set to 1 for compare operation. Compare tape 2

against tape 1.
a set to 0 for copy operation. Copy tape 1 onto

tape 2.
Bit 11 a set to 1 for binary coded input/output

a set to 0 for BCD coded input/output.

Example control word to compare 3 BCD files with rewind unload upon
completion, rewind load at start:

1) Bit representation

11 10 9 8 7 6 5 4 3 2 1 )

0 1 1 1 0 0 0 0 0 0 1 1

2) Octal representation
3403

3. Space Required: (7776)8, (4094)i0 locations.

7. Error Stops

P-register Explanation

0214 Record length too long for this routine. Discontinue
operation.

0234 Parity error on Read Tape #1. To re-read, press RUN
witch. To continue (with parity error present),

a) Master clear.
b) P-register to 0243.
c) Press RUN switch.

0261 Compare operation, record length tape #2 too long for
this routine. Discontinue operation.

0270 Compare operation: EOF TAPE 2, NO OF TAPE 1. The
above condition is the result of either of two causes:

a) Tapes are not compatible, i.e., there are
more records per file on tape 1 than tape 2;
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for this case, operation should be discontinued.
b) The remainder of the file for the output tape

is on a continuation tape. For this case a
visual inspection of tape unit #2 will show the
reel to be nearly empty. For this case,
continue as follows:

1) Rewind unload tape unit #2.
2) Mount next output tape and place in a

rewind load position.
3) Set P-register to 0220.
4) Press RUN.

0301 Compare Operation: Record length tape #1 not equal
(J) to record length tape #2. Tapes not compatible,
discontinue operation.

0307 Compare Operation: Parity error on read tape #2. To
re-read, press RUN switch. To continue (with parity
error present):

a) Master clear.
b) Set P to 0317.
c) Press RUN.

0333 Compare Operation: compare error.

a) To backspace, re-read and compare again.
Press RUN.

b) Word on tape #2 causing error displayed in
A-register. Address of corresponding word
on tape #1, located at 0040.

c) To by-pass compare error, set P to 0326.

1) Master clear.
2) Set P to 0326.
3) Press RUM.

0374 Copy operation: End of tape encountered on tape #2.
Record has not been written on tape #2. EOF has been
written.

a) Rewind unload output tape.
b) Mount next output tape and place in rewind-

load position.
c) Press RUN.
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O402 Parity error on attempt to write tape #2. To backspace
and rewrite, press RUN,

0417 Copy operation: End of tape encountered on tape #2.
Record has been written on tape #2, OF has been written.

a) Mount next output tape and place in rewind
load position.

b) Press RUN.

o443. Compare operation: End of file tape #1, no EOF tape #2.
Discontinue operation.

0462 Operation completed.

10. Input and Output Formats

Input record length should not exceed the following:

a. Copy operation (16,624)8 characters.

b. Compare operation (7,310)8 characters.

14. Equipment Configuration

Minimum SWAP 160 or 160-A computer, 163-2 or 164-2 magnetic, tape
handler.
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F1.
IDENTrIFICATION

Title: Tape Compare (sTAOo) - Ident. A*1.06
Programmer: E. J. Rosenberg, August 1962, System Development Corporation

PURPOSE

To compare two BCD magnetic tapes to insure similarity.

USAGE

Operating Procedures:

1. Machine load bioctal paper tape at 0.
2. Select logical tape drives to 1 and 2.
3. Clear and run from 0.

Normal Stops

P= 213 A -7701
One file has been compared without error. Clear and run to process
additional files.
P" 220 A- 7700

All files on this tape have been compared, and tapes rewound to unload.

Error Stops

P - 141 End of tape on drive #1 has been sensed.
P - 221 There is a read parity on drive #1. After 5 attempts it has been

unsuccessfUL.
P a 343 Halt on miscompared records.
P = 355 There is a read parity on TD #2. After 5 attempts it has been

unsuccessful.

NESSAGES

Typewriter: MISCOMPARE
Indicates the latest read records were not the same.

1612 Printer: The lst of 2 lines printed is what was in the card image
of the miscompared record of TD #1. The 2nd line is
from TD #2.

JUw & OTOP EMYS
SIB 1 - will preclude rewind of tapes after 1 file has been compared.
SIJ 1 - will suppress printing of card images in cases where a 1612 is not

available.
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RESTRICTIONS

Tapes must be written in BCD card (6 bit hoflerith) format.
Hardware

Minimum 160-A
161 Typewriter
1612 Printer (optional)

STORAGE REQUIREMENS

4238 Storage locations of bank 0.
6 Constants in direct bank.
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F2.

IDENTIFICATION

Title: Flex Load and Flex Verify - Ident. AF2.00
Programmer: L. Kuller, September 1960

PURPOSE

Flex Load is designed to read 160 program tapes prepared on a Flexowriter
or by the Flex Dump program and store them in memory at addresses specified
by the tape.

Flex Verify is designed to check 160 program tapes prepared on a Flexowriter
or by the Flex Dump program against the current contents of the 160 storage
locations as specified by the tape. The program indicates any discrepancies
that are found.

USAGE

1. Operational Procedure

a. Turn on reader

b. Insert tape someplace on blank leader

c. Flex Load set P a 0400
Flex Verify set P - 0401

d. Press Run switch

e. Discrepancy stop (Flex Verify)
P - 0434
A - address of the discrepancy
Z - 0001

f. Program Stop
P - 0414
Z = 7707

3. Space Required - 177-8 12710 locations

4. Temporary Storage Required - Locations 0072 through 0077

12. Caution to User - Location 7777 can not be loaded or verified by these
programs unless it is referenced in the eight digit format. If 7777
is referenced in the four digit format the data will be stored at
location 0000.

14. Equipment Configuration - Minimum 160 Computer
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P•3.

IDENTIFICATION

Title: Floating Bi-octal Punch and Floating Bi-octal Verify - Ident. AF3.00
Programmer: J. Oden, June 1961

PURPOSE

Floating Bi-octal Punch is used to punch out portions of the 160-A memory in
bi-octal format. Floating Bi-octal Verify compares bi-octal date on punched
paper tape with the current contents of the 160-A memory.

USAGE

1. Operational Procedure

Master clear and turn on the reader. Load the tape beginning at any
location with the load-clear switch in LOAD position.

a. Floating Bi-octal Punch

1. Start punch motor

2. Master clear

3. Manually set the last octal digit of A to the memory bank from
which you wish to punch data.

4. Set P - initial address of the floating bi-octal routine, "X"

5. Press Run switch

6. Computer stops

P - X + 12

Z - 7700

7. Set A - initial address of the region to be punched.

S8. Press Run switch after returning it to the center position

9. Computer stops

P - X + 15

Z - 7700
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10. Set A - last address to be punched.

11. Press Run switch after returning to the center position

12. Program stop

A X + 4

Z = 7700

b. Floating Bi-octal Verify

1. Set P to the third location of the region containing the floating
bi-octal routines: X + 2

2. Set A - first data word location on the tape

3. Turn on reader and insert tape

4. Press run switch

5. Discrepancy Stop

P = X + 111

A = address of discrepancy

Z - 0000

6. Format error on the tape

P w X + 107

Z - 0000

The tape must be removed because the computer will not accept the
remainder.

7. Program stop

P - X + 52

Z - 7700

3. Space Required: 75 - 113 locations. Temporary storage requirements:
None. This routine- 2 oes not use addresses 0-77.
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13. Equipment Configuration - Minimum 160-A computer

THEORY OF OPERATION

The instruction 002X - SIC, sets indirect storage bank control (i) to x. All
subsequent indirect storage references address stocage bank x. This value x
is manually set in the last octal digit of A; then the program builds instruc-
tion SIC.

By using instructions LCN 77 and LPN 77 the 12 bit words are separated into
upper and lower six bits. One is added to the word after the lower six bits
have been masked and SHA 11 instruction given to get seventh level format.
These are output immediately via OTA - 7677 to avert the problem of storage
and establishing initial and terminal addresses in this floating routine.

In the Floating Bi-octal Verify, the seventh level format is checked, and
also each word on the tape is compared with its counterpart in memory. Stops
are provided in the program where format and word discrepancies occur.



8lebr y 1963 4i-53 UI.(L)-93

F3.

IDENTIFICATION

Title: Memory Dump - Ident. F3.O1
Programmer: G. M. Bronstein, August 1961

PURPOSE

Dump most of memory on magnetic tape.

USAGE

1. Operationa; Procedure

a. Load program tape

1. Turn on reader and insert S 030 tape

2. Master Clear

3. Set P - 7511

4. Set Load-Clear switch to LOAD

5. Run

6. Stop - P - 7776

b. Load magnetic tape

1. Place magnetic tape on tape unit

2. Select tape unit 1

4. Select BINARY mode

5. Set tape to Load Point

c. Set P - 7511

d. Run

3. Space Required - 2658 - 18110 locations

13. Cautions to User: The routine dumps memory locations 0000-7757. There
are no parity checks made in writing on tape.



8 Fabnwy 193 s-(L-993

14. Equipment Configuration: Standard 160 with 160 tape unit.
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F3.

IDENTIFICATION

Title: Listable Symbolic Dump - Ident. F3.03
Programmer: Don T. Miller, July 1961

PURPOSE

To produce a listable symbolic dump of a specified area of core with 4 words

per Flex line.

USAGE

1. Operational Procedure

The program may be loaded anywhere greater than address 1. The P register
should be set to the starting load address, the starting address of the
area to be dumped put in the A register, and the Run switch put in the RUN
position. The program will stop at the load address +7, and the final
address of the dump placed in A. Put the Run switch in RUN and the program
will punch the required area of core (in Flexowriter code), punch a stop
code and stop at the load address +478.

3. Space Used: 436 = 28110 locations

9. Output Format: Each line will contain one octal address, the octal
contents, the mnemonic instruction code and the last two octal digits of
four words.

10. Timing: The program operates at punch speed.

12. Caution to User: The contents of 7777 will not be dumped. The program
will operate if the final address is less than the start address.

13. Equipment Configuration: Minimum
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F3.

IDENTIFICATION

Title: Listable Symbolic Dump - F3.04A
Programmer: Don T. Miller, July 1961

PURPOSE

To produce a listable symbolic dump of a specified area of core with 1 word
per Flex line.

USAGE

1. Operational Procedure

The program may be loaded anywhere greater than address 1. The P register
should be set to the starting load address, the starting address of the
area to be dumped put in the A register and the Run switch put in the RUN
position. The program will stop at the load address +6, and the final
address of the dump should be placed in A. Put the Run switch in RUN and
the program will punch the required area of core (in Flexowriter code)
punch a stop code and stop at the load address +41.

3. Space Used: 4218 = 27310 locations

9. Output Format: Each line will contain: a carriage return, octal address,
octal contents of that address, mnemonic instruction code for the first
two digits and the last two octal digits, e.g., (0100 4201 STF 01).

10. Timing: The program operates at punch speed.

12. Caution to User: The contents of 7777 will not be dumped. The program
will operate if the final address is less than the start address.

13. Equipment Configuration: Minimum
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F3.

IDENTIFICATION

Title: 160-A Symbolic Printer Dump - AF3.07
Programmer: L. Brown, S. Palais, January 1962

PURPOSE

To provide a dynamic symbolic dump for the 160-A onto the 1612 printer.

USAGE

1. a. As a closed subroutine

L JPR
L+1 DMPPRT
L+2 NORMAL
L+3 RETURN
L+4 OOOX (X - Bank to be dumped)
L+5 FWA of dump
L+6 LWA of dump

The calling sequence must be in the same bank as the subroutine.
The A-register and bank settings will be restored by the program.

b. Independent Routine Procedure

(1) To locate the program at location (P), load the OSAP-A binary
output with the OSAP-A relocatable binary loader, using (P) as
the relocation increment. (P) must be £ 67708. The program
may be loaded into any bank.

(2) Master clear.

(3) Ready the 1612 printer.

(4) Put (P) in the P-register and O00X (where X is the bank to be
dumped) in the A-register.

(5) RUN. Upon halting at (P+2), enter FWA in the A-register.

(6) RUN. Upon halting at (P+5), enter LWA in the A-register.

(7) RUN. The program will stop at (P+10).

(8) RUN with 000K in the A-register to restart.



8 1ebrmal 1963 4-58

3. Space Required

10058 - 51710 as an independent routine.

7658 - 50110 as a closed subroutine.

9. Output Format

First Line

DUMP(n)XXXX TO (n)XXXX LOC(n)7777 - XXXX
BANKS M= AREG MX JUMP ADDRESS XXXX

where (n) is the number of the bank being dumped.

BANKS XXXX is the display of the bank settings, bdir, upon entry
to the dump program.

AREG XXXX is the contents of the A-register upon entry to the
dump subroutine.

JUMP ADDRESS = is the address L in the calling sequence.,
(L is P+10 8 when program is used independently.)

Normal Lines:

The normal line output consists of an address followed by 10 words
of the form: 3 digit op code and 4 digit octal word. The fIrst
address dumped will be the nearest address less than FWA and divisible
by 108. The number of words per line may be made less than 108 by
replacing location (P+26 8 ) by LCN N, where N is the word count.

The last line dumped will include, but not necessarily end with, the
word in IWA.

Zero Lines:

1st - normal line format
2nd -
subsequent lines of zeros are suppressed.

Last Line:

END DUMP (n)XXXX TO (n)XXXX

NOTE: Location (n) 7777 is included only in the first line printed. If
777 is given as the FWA, 0000 will be the FWA used by the routine;
if 7777 is given as the LWA, 7776 will be the JMA used.

No symbolic op codes are printed for 00 and 01 F-terms.
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13. Equipment

160-A, 1612
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F3.

IDENTIFICATION

Title: 160-A Symbolic Flexowriter Dimup - Ident. AF3.08
Programmer: L. Brown, S. Palais, January 1962

PURPOSE

To provide a symbolic dump for the 160-A onto punched paper tape, to be
listed on the flexowriter.

USAGE

1. a. As a closed subroutine

L JPR
L+I DMPFLX
L+2 NORMAL
L+3 RETURN
L+4 OOOX (X - Bank to be dumped)
L+5 FWA of dump
L+6 LWA of dump

The calling sequence must be in the same bank as the subroutine. The
A-register and bank settings will be restored by the program.

b. Independent Routine Procedure

(1) To locate the program at location (P), load the OSAP-A binary
output with the OSAP-A relocatable binary loader, using (P)
as the relocation increment. (P) must be--67408. The program
may be loaded into any bank.

(2) Master Clear.

(3) Turn the paper tape punch on.

(4) Put (P) in the P-register and OOOX (where X is the bank to be
dumped) in the A-register.

(5) RUN. Upon halting at (P+2), enter FWA in the A-register.

(6) RUN. Upon halting at (P+5), enter LWA in the A-register.

(7) RUN. The program will stop at (P+10) after punching paper tape.

(8)' RUN with OOOX in the A-register to restart.



8 hebiua 1963 4-.61 U-(L-993

3. Space Required

10368 a 54210 as an independent routine.

10168 m 5 2 6 10 as a closed subroutine.

9. Output Format

First line:

DtIMP(n)XXXX TO (n)XXXX LOC(n)7777 - XXXX
BANKS XXDX AREG XXXX JUMP ADDRESS XXXX

where (n) is the number of the bank being dumped.
BANKS XXXX is the display of the bank settings, bdir, upon entry
to the dump program.

AREG XXXX is the contents of the A-register upon entry to the
dump subroutine.

JUMP ADDRESS XXXX is the address L in the calling sequence.
(L is P+10 8 when program is used independently.)

Normal Lines:

The normal line output consists of an address followed by 10 words
of the form: 3 digit op code and 4 digit octal words. The first
address dumped will be the nearest address less than FWA and
divisible by 10 . The number of words per line may be made less
than 10 by replacing location (P+26 8 ) by LCN N, where N is the
word cotnt.

Zero Lines:

1st - normal line format
2nd -. ....
subsequent lines of zeros are suppressed.

Last Line:

END DUMP (n)XXXX TO (n)XXXX

NOTE: Location (n) 7777 is included only in the first line punched.
If 7777 is given as the FIA, 0000 will be the FWA used by the
routine; if 7777 is given as the 1WA, 7776 will be the LWA
used.

13. Equipment

160-A, Paper Tape Punch



8 Februaay 4e-62 K- (L)-993

F3.

IDENTIFICATION

Title: Octal Dump - Ident AF3.09
Progranmer: D. T. Miller and S. Palais, November 1961

PURPOSE

Provides an octal dump of one bank of 160-A memory from a given starting
address to the end of that bank onto the 1612 printer. The program is
relocatable.

USAGE

1. Operational Procedure

a. The program may be loaded anywhere.

b. Set the P-register to the starting load address and the A-register
to the starting dump address.

c. Set the indirect bank setting to the number of the bank to be
dumped.

d. RUN.

e. Program Stop

Load address + 408.

3. Space Required: 1328 - 9010 in the relative bank.

4. Temporary Storage: Location 77 in the direct bank, which is not restored.

9. Output Format

The line format consists of an address and 20 words. An asterisk indicates
the omission of one or more lines of zeros. Duplicate lines will be
printed, and the contents of the A-register will not be printed.

10. Timing

For consecutive non-zero lines, the program operates at printer speed.

13. Equipment Configuration: Minimum 160-A Computer, 1612 Printer.
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F3.
IDENTIFICATION

Title: 160-A Synbolic Typewriter Dump - Ident AF3.10
Programers: L. Prown, S. Palais, T. Zasley, June 196Q, Control Data and Philco

PURPOSE

Provides a symbolic dump for the 160-A onto the 161 typewriter.

USAGE

1. a. As a closed subroutine

L JPR
L+l DMTI
L+2 NORMAL
L+3 REIUM
L+4 ,OOx (X=Dank to be d ,aped)
L+5 lWA of dwp
L+6 IWA of dump

The calling sequence must be in the same bank as the subroutine.
The A-register and bank settings will be restored by the program.

b. Independent Routine Procedure

(1) To locate the program at location (P), load the OAB-A binary
output with the OAS-A relocatable binary loader, using (P)
as the relocation increment. (P) rest be S 65U8. Thepro
may be loaded into any bank.

(2) Master Clear.

(3) Turn the typewriter on.

(1) Put (P) In the P-register and OOOX (mbere X Is the bank to
be du•ped) in the A-register.

(5) RUN. Upon halting at (P+2), enter A in the A-register.

(6) RMl. Upon halting at (P+5), enter INA in the A-register.

(7) RUN. The proram wll stop at (P+•0) after typing out the
last line.

(8) MW with oooK in the A-register to restast.
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3. Space Required

12328 -52io a an Independent routine.

32128 - 52610 as a closed subroutine.

10. Output Foriat

First Line:

DUMP(n)cX TO (n)To CX IC (n)TTTT - XXXX

BEASS X=X ARS X=C JUMP ADDRESS XOCO

where (n) Is the number of the bank being dumped.
BAMCS =XCX is the display of the bank settings, bdir, upon
entry to, the dump progrm.

AREG =OXX is the contents of the A-register upon entry to
the dump subroutine.

JUMP ADDRESS =XOC Is the address L in the calling sequence.
(L is P+10 8 when program is used independently.)

Normal Lines:

The normal line output consists of an address followed by k 8
words of the form: 3 digit op code and 4 digit octal word.
The first address dumped will be the nearest address less than
NVA and divisible by 108. The number of words per line may be

made more or less than 48 by replacing location (Pe26 8 ) by LCX N,

ihere N is the word count.

The last line duqped will include, but not necessarily end with,

the word in LWA.

Zero Lines:

lst - normal line format
2nd . .....

subsequent lines of zeros are supressed.

Last Line:

DM iau (n)XMC TO (n)2ECZ
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NMOT: Location (n) 7777 is included o in the first line

punched. If 7777 in given as the ]MA, 0000 C ill be the 1M
used by the routine; if 7777 is given " the INA, 7776

rill be the INA used.

i4. Equiment Conflgoration: Minium SWAP 160-A computer, 161 Typewriter.
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F3.
IDETIFICATION

Title: 160-A Core Dump to 1612 (1612 DUMP) - Ident AF3.11
Programmer: Richard Mihm, January 1962, Control Data Corporation

(Documented by E. J. Rosenberg, July 1962, System Development
Corporation)

PURPOSE

To allow a listable dump of the machine codes and constants stored in 160-A
and 169 onto the 1612 printer. Completely Relocatable.

USAGE

A. Operating Procedures:

1. Call DUMP from PIUS Master or load bioctal paper tape anywhere.
2. Run from load address.
3. Answer typewriter queries as to area and bank to be listed.

Terminate area specifications with periods.
4. Run.

B. Stops:

1. Will stop at beginning of this program. Clear and run to return
to PIUS control.

RESTRICTIONS

A. Hardware

1. Minimum 160-A
2. 161 typewriter
3. 1612 printer

STORAGE REQUIRENTS

4558 locations in bank 0.
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F3.
IDETIFICATION

Title: BiOctal Dump (BIDU) - Ident. AF3.12
Programmer: E. J. Rosenberg, August 1962, System Development Corporation

PURPOSE

Punches a given area of a selected bank in bioctal format for machine
loading.

USAGE

1. Under PIUS Control:

a. Call BIDU.
b. At stop L*, set indirect bank equal to the bank in which your

output is contained. Set "A" equal to the first word address
of the output area and run.

c. At stop L+3, set your LWA + 1 in "A" and run.
d. Normal stop is at location L.
e. To return to PIUS control, clear and run.

2. Paper tape version:

a. Machine load anywhere in bank 0. Run from loading address.
b. Follow steps lb, and following, above.

RESTRICTIONS

1. Must be 7 level paper tape.
2. Requires 378 storage cells in bank 0.
3. Minimum 160-A.

* L " Loading address.
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F4.
IDENTIFICATION

Title: 1607 to 160 to 1612 Routine - Ident. F4.06
Programmer: Sanford Elkin, February 1962

PURPOSE

Accepts blocked or unblocked magnetic tapes, and lists them on the Control
Data 1612 printer at 1000 times per minute. The listing may be done either
under program control (using standard IBM carriage control characters) or
under the control of the 1612 Monitor Channels 1-6.

USAGE

1. Operational Procedure

a. Load the program at location 100. Put the tape to be listed on
logical tape handler N.

b. Put OORP in the A register, where P = 0 for program control,
P = 1 - 6 for Monitor Channel 1 - 6.

c. Run. The first file will be listed, and the program will stop
at location 215. If there are more files to be listed, repeat
(c). A page eject will occur after each file.

If it is desired to print several files, and the end of useful informa-
tion is denoted by 2 successive EOF marks, the only changes needed
are to change location COTIN+3 (octal 261) to be LDN 0 (0400), and
REWIND (octal 215) to be NXF 3 (6103). Then the program will rewind
the tape to the unload point and stop at REWIND 5 (octal 222).

3. Space Required

4128 . 26610

4. Temporary Storage

2028 z 13010 locations, plus the storage needed for the longest tape
the longest tape record.

5. Error Print-outs

If a line has a parity error in it, the words PARITY ERROR will be
printed before the line.

8. Input Tape Mounting

On logical tape N, when the A register contains OONP.
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9. Input Format

A record may have any number of characters up to 726610. The character
328 in an even position is interpreted as an end-of-record mark. This
will terminate the line, and the 32 will not be printed. If program
control is desired, the first character of every line will be interpreted
as a carriage control character, and will not be printed. Legal CC
characters are 1 (page eject), 128 (double space), and 408 (triple space).
All others are interpreted as single space.

10. Timing

1000 lines per minute, if the blocked records do not exceed approximately
125010 characters.

12. Cautions to User

If blocked records are used, each line image must be ended by a 32  in
an even character position. If program control is also used, the %28
must be followed by a CC character.

13. Equipment Configuration

160 or 160-A, 1612, and 1607.

METHOD

The first record is read into core in assembly mode, starting at INAD(0713).
The program then unpacks the information, storing 1 character per word
starting at BFINAD (0523). When 32R occurs In the right half of an input
word, or the end of the input record is reached, thb program prints the
unpacked characters On the 1612.
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F4
IDERIFICATION

Title: Flexowriter Tape to ANelex - Ident. F4.07 (Flexlex)
Programmer: Bud Vitoff, February 1961

PURPOSE

1. Flexlex was designed primarily for printing OSAP listing tapes. It can
be used efficiently whenever the ANelex is available for use imnediately
after assembly.

2. The routine can be used for printing any paper tape prepared by or for
a Flexowriter.

USAGE

1. Operational Procedure

a. Load program into 0000 through 0650.
b. Turn on reader. Insert tape to be printed anywhere on its blank

leader.
c. Master clear and start. A page eject is executed before printing

starts.

d. When ten consecutive blank frames are detected, a page eject is exe-
cuted and printing stops. Starting at this point enters a closed
"page eject and stop" loop.

e. A master clear restarts the program.
f. A closed "page eject and stop" loop can be entered by setting

P a 0001.

7. Progra•med Stops

Z a 7700: Page eject loop entered at 0001
Z a 7702: Page eject loop entered after ten consecutive blank frames.
Z a 0004: Program check sum failure. Reload program.

9. Output format

a. Lines per page: 56
b. Flexowriter code interpretation (7th level is ignored):

1. carriage return and tabulator codes cause appropriate printing
action, with tab stops after every 12 columns (i.e., in cola.
13, 25, 37, etc.).*

2. delete codes and illegal codes are ignored.
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3. all other non-printing codes are represented by the indicated
substitutes:

Code Meaning Substitute

02 color shift
43 stop *
47 upper case
57 lower case ?
61 backspace (

c. An automatic carriage return is executed after 120 columns have been
"set" for a line of print.

10. Timing
Printing speed varies with the amount to be printed on each line, but
0BAP listings run about 325 lines per minute.

11. Equipment configuration
Basic 160 computer and ANelex.

*Tab stops must be equally spaced across the page; however, the routine
may be easily changed to provide one of the following options:

1. tab interval fixed at a value other than 12, or
2. tab interval fixed, with provision for changing it at the beginning

of each run (by manually changing the contents of register A at a
programed stop).

The tab interval is set at the beginning of a run by the instructions in
location 0107 and 0110:

Location Current Change 1 Change 2

0107 14 xx
0110 J. 14 ILNxx Ex 01

Load the program, and make the change in core. Pbster clear and start.
Error stop 0004 will display the calculated new check am in register A.

Permanent change:

Enter the new check sum into location 0650 and punch a new bi-octal tape.
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Temporary change:

Start. Program stop 7704 will display the programmed check sum in register
A. (of course, the check sum difference should be accounted for by your
changes.) Start to enter the program.
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75.
IDIF ICATION

Title: Tape-to-Card Punching Routine - Ident. P5.02
Proamers: E Campbell, R. Mills, October 1962, Control Data Corp.

PURPOSE

To read magetic tape in BCD or binary mode and punch corresponding Hollerith
or binary cards.

USAaE

1. Operational Procedure
Mount input tape on a 163 or 164 tape handler. Set the 523 punch unit
to ready. Load the bioctal progrem tape at zero, set the A register to
one of the input parameters, set the P register to one of the entry points,
and run.

2. Parameters

a. Input - A Register
Load the A with OXYZ where:
X = 1 halt at each end-of-file mark
X - 0 process to end-of-tape
Y - 1 tape unit 163 or 164 - only legal tape unit at present
Z = 1 tape handler number 1
Z = 2 tape handler number 2

b. Entry Points - P Register
Normal entry - P - 100
Read to next end of file and halt - P - 1077

3. §Mce Required
97 decimal or 1663 octal locations

5. Bank Allocations
When operating this program on the 160-A, be sure all bank settings
are the same, e.g., R-O, I-O, D-0, B-0, or R-1, I - 1, Dm1, B-1.

6. Alarms or Printouts
This routine was written to process punch output from the 1604 CO-OP
Monitor System, consequently the program looks for a Job number. No
Job number is required to use the program, but if there is one it will
be displayed in the A register at halt location 324 octal if non-
recoverable parity error occurs. This number will be in 4-bit DCD code
allowing a maximus Job number of 999
A second halt at location 326 occurs with parity errors. A contains
the octal punched card count. If processing is continued from this
halt, an X card is punched and the parity error record follow.
Normal processing will then continue.



8 February 1963 4-74 DK-(L)-993

7. Error Stops

Location Cause Cmments

0101 Illegal input parameter Set A and run
0324 Solid tar warity error (A) is job number in 4-bit BCD
0326 Solid tape parity error A is nth punched card in octal
0713 Halt at each end-of-file A) is Job number in 4-bit BCD
1074 Normal halt at end-of-tape Tape will have been rewound

to unload.
1104 Illegal unit number when Set A and Run

EOF entry was used
1135 Halt after skipping one Run if processing is desired,

file reset P and A if next EOF is
desired

10. Input/Output Formats

a. Input
Tape records may be 84 characters or less in BCD, binary or a
mixture of both modes. Two consecutive end-of-file marks or
an END MDNITOR OUTPUT card will terminate processing.

b. Output
Hollerith or binary punched cards.

11. Timing
The program operates at punch speed (100 rim).

14. Equipment Configuration

163 or 164 tape unit
Minimm SWAP 160 or 160-A computer
1610-523 card punch system

METHOD
The program reads magnetic tape in 12-bit word mode (2 frames/word) for
binary records and 6-bit word mode (1 frame/word) for BD records. If
a parity error occurs, a reread in the binary mode is tried 3 times,
then 3 tries are made in BC mode. If the :parity condition persists,
it is classified as a solid parity error. If no parity error occurs
the mode continues used until the next parity error.
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F6,
IDENTIFICATION

Title: Flex Tape to Magnetic Tape Converter - Ident. F6.01
Programmer: L. Kuller, August 1960

PURPOSE

Produce a copy of a Flexowriter tape on magnetic tape in a form suitable for
listing.

USAGE

1. Operational Procedure

a. Lead program tape F6.01

1. Turn on reader, insert tape and set P 0000.
2. Set Load switch and press Run.
3. First stop

P * 0004
A 1111
Z x 0000

4. Set P w 1000, press Run switch
5. Program Step

P 1177
A u 0000
Z 0000

b. Convert Flexowriter tape to magnetic tape

1. Turn on reader and insert Flexawriter tape.
2. Set CODED parity selection on magnetic tape unit.
3. Set P a 1000
4. Press Run switch
5. Program Stop (16 consecutive blank frames read)

P 1 1021
A: 0000
Z * 7707

6. Option-write end-of-file mark, clear computer and press Run switch.
7. To convert more Flexewriter tape, return Run switch to center

and then to RUN,

3. Space required - 2048 - 132io locations

7. Error - parity, routine attempts to write output block on tape until the
error disappears.
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13. Equipment Configuration - Minimum 160 computer with magnetic tape units.

IVTH0D

Punched paper tape characters are translated into equivalent line printer
codes. If there is no equivalence, the punched paper tape character is
ignored. When a CR is read, blank codes to fill the 120 character line
printer line are inverted on the magnetic tape. The output from the 160 is
copies on magnetic tape with parity checking.
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F6.
IDENTIFICATION

Title: 1609 Card to Magnetic Tape (1609-164) - Ident. F6.02
Prograer: C. Frankenfield, October 1961

PURPOSE

This routine will read BCD cards, check validity, and write BCD card images
on magnetic tape.

USAGE

1. Operational Procedure

a. Load the program binary tape using the OSAP Binary Loader Program
(A4.oo).

b. Place cards in card reader hopper 9-edge first, face-down. Cycle
one card. Select tape unit 1.

c. Set P-register to 6600 and RUN.
d. Normal Stops

6635 - Card stacker full. Remove cards from stacker; RUN from this
location to continue program.

6661 - Card hopper empty.
a. To continue program reload card hopper and RUN from this

location.
b. To read last two cards in reader and write end of file,

enter 1 in A-register and RUN from this location.
7351 - Last two cards have been read and written on magnetic tape.

End of file has been written.
a. To write more card images on same tape, reload card hopper,

feed one card, and RUN from this location.
b. To rewind magnetic tape, enter 1 in A-register and RUN.

7356 - Tape has been rewound. Depress RUN to perform next job.
7402 - End of magnetic tape has been reached. End of File has been

written and tape has been rewound. After changing magnetic
tapes, RUN from this location without removing cards from
hopper to continue program.

3. Space Required

Program occupies locations 6600 through 0000 and low core locations
70 through 76.
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7. Error Stops

6642 - Card feed failure. Impossible to recover at this point. Repeat
Step b under Operational Procedure and RUN from this location
to restart program.

6653 - Card reader not ready. Correct status fault; RUN.

6657 - No cards initially in hopper. Correct fault; RUN.

7174 - Illegal BCD character read.

a. RUN, and card with illegal BCD character will be ignored.

b. Enter 1 in A-register and RUN to write card with illegal
character on tape.

7466 - After 3 attempts at three successive locations unable to write
a record due to parity errors or illegal BCD code.

a. RUN from here to try to write on magnetic tape again.

b. Enter 1 in A- register, and RUN to start over again with
new tape.

10. Timing

The program reads at reader speed (100 cards per minute).

13. Equipment Configuration

Minimum 160 with 164 and 1609 adaptor for the IBM 521 Card Read Punch
Unit.
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,6.
IDMnTIFICATION

Title: CARD TO Naffmc TAPE (167 to 163/1&) - ident. 76.03.
Progammer: Anthony Taylor Smith, October 1962, Control Data Corporation

PURPOSE
This program is written in OSAS language for either the 160 or 160-A computer.
It converts data from cards into magnetic tape records, one card per
record. Either binary or BCD cards will be handled, producing binary or
DCD records respectively. (A binary card in Identified by a 7-9 punch
in column 15. These cards my be mixed.

USAGE

1. Operational Procedures
The program is distributed as a binary tape and should be loaded with
a starting address L between 0100-71i0 inclusive; the program will
then be run with the starting address, L. in the P register.

Use tape unit 1 for the output tape.

The program will process cards until the card hopper becomes empty,
at which time the 'card hopper empty' status response produces a halt
at Location L + 61 (L+61 0000 7700). If more cards are to be loaded
in the sme magnetic tape file, NON-ZERO must be put in the A register
before running from this point. To produce an end-of-file mark after
the hopper-empty condition, leave ZERO in A and run.
Note: Cards with the same leading corner cut must be used througbout.

3. S§ace Requirements

The program 247 cells ihich can be loaded anywhere within core locations
0100-7656 and lcation 70 in low core. Locations 7657-7776, inclusive,
are used for the 80-cobluu- read-in-area, one column per word.

7. Error Stovs

L+112 10XX 0000 - XX is the 167 status response code. Clear 167 error
condition. Note value of P register, clear, enter noted P plus 1,
in P, 0 in A, and run.
L+241 OM 0000 - XXX is the card col•un (in octal) where an illegal
code exists. Correct the card, replace in reader, and run.

14. Equium nt Coz.fmration

Minimum SWAP 160 or 160-A, 167 reader and a 163 or 164 tape unit.
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F6.
IDENWIFICATION

Title: Change Magnetic Tape Record Length BinaryTapes - Ident. F6.04
Programner: (Control Data Corporation/Applications), October 1962

PURPOSE

Writes magnetic tapes of a designated record length from tapes of the same
or different record lengths for binary tapes only (odd parity).

USAGE

1. Operational Procedure:

Load and run at 0, TUI input, TU2 output.

At the halt 0002 0000 7700 enter required output record size in the A
register and run.

Halt 0123 0000 7700 allows two or more input tapes to be output with no
"zero fill in" gap between them. At the halt enter either zero or posi-
tive non-zero into the A register. In the letter case, a new tape must
be readied on TUl-run. To terminate the process make no entry in the
A register-run. The program will fill up the last record with O's
to the required size, output it and a tape mark on the output tape.

Final Halt, 0157 2112 7700: After this halt the program reinitializes
itself, so that another process can be bandled without reloading the
program.

Clear and run from 0.

Note: Since the program was originally written for the 160 computer
and is at this time designed to be compatible with either
"the 160 or the 160-A the sum of the output and input block
lengths must not exceed 75008. Further, in operation on the
160-A all banks should be zero.

3. Space Requirements:

Program uses locations 0000-0163. From location 200 on is made available
as the input/output area.

5. Bank Allocation: Set all banks on the 160-A to zero.
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7. Error Stop:

0031 0000 0000: Delinquent record.
The tape has been read three times vithout success, enter non-zero
in A to bypass delinquent record, or 0 to keep trying to read the
same record.

14. Equipment Configuration:

Two 163/164 Magnetic Tape Units, 160 or 160-A SWAP Computer.
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F6.

IDMIFICATION
Title: 160-A Binary Card Binary Tape Verify Routine - Ident. AF6..06
Progra•ner: Larry Brown, Control Data Corporation

PURPOSE

This routine compares 80 column binary cards with their image on magnetic
tape. If the card and tape image do not match, a card is punched representing
the tape image. The routine has been written for the IBM 533 Card Read Punch.

USAGE

1. Calling Sequence and Operational Procedures

a. As a closed subroutine, entry is made with the following calling
sequence:

L JPR
L +1 VERIFY
L42 NOROALL
L+3 RETURN
L+4 OWOU

b. As an independent program, load the bi-octal tape at location 0060
in either bank and start at location (r) 0060 with OWOU in the
A-register.

c. 533.Card Read Operation

Place the cards to be verified in the read hopper to feed 9-edge first,
face down. Push the START button twice to feed two cards and turn
off the NOT READY light. At least two cards must follow the deck to
be read; these cards may be blank or the first two cards of the next
deck to be verified if more than one file is on tape.

d. Card Read Feed Failure

In case of a card read feed failure, follow these procedures:

I) Put the read stacker switch in the ON position (toggle it
toward you).

II) Remove the cards from the read hopper. Reproduce the damaged
cards from the bottom of the stack and discard the damaged
cards. Put the reproduced cards at the bottom of the stack.
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III) Push the START button until all cards have been fed out of the
machine.

IV) Put the last card fed out in front of the reproduced cards
from the read hopper.

V) Place the corrected card stack in the read hopper and push
the start button twice to feed two cards.

VI) Put the read stacker switch in the OFF position (toggle it away
from you). The NOT READY light will go out and the computer
will continue reading cards.

e. 533 Card Punch Operation

Place blank cards to feed 9-edge first, face down, in the card punch
hopper. Push the START ubtton once to feed a card and turn off the
NOT READY light.

f. Card Punch Feed Failure

In case of a card punch feed failure, remove the blank cards from the
hopper and examine the cards on the bottom of the stack. Discard
all damaged cards and replace the stack in the hopper. Push the
START button once to turn off the NOT READY light and place a card
in position for punching.

g. Procedures for NOT-COMPARE Stop

If the binary card read in does not match with the binary tape image,
the computer punches a card and stops.

I) Remove the blank cards from the card punch hopper and feed all
cards out. There will be 2 cards, the last one of which is
blank and should be placed with the other blank cards. The
first card out is the card punched from the tape image.

II) Remove the cards from the card read hopper and feed all cards
out of the machine. The last two cards fed out are to be placed
in front of the cards from th--read hopper. The third last
card fed out is the one which did not compare with the tape
image; discard that card.

III) Put the card punched in front of the stack from the read hopper
(in front of the last two cards fed out in the last step).

IV) Place the corrected deck in the card read hopper and push the
START button twice to feed two cards and turn off the NOT READY
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light. Place the blank cards in the card punch hopper and
push the START button once to feed one card and turn off the
NOT READY light.

V) Place the computer's RUN-STEP switch into the STEP position
and then into the RUN position. Computer operations will then
continue.

2. Entrance Parameter

OWOU as follows:

W tape control unit number (usually 1)
U logical tape number selection

3. Space Requirements

3258 locations in the relative bank
58 locations in the direct bank

3748 locations in the indirect bank

Locations in the indirect bank are assigned by EQU cards, 124 A- 841i0
non-overlapping locations must be reserved for the symbols BIX,
BIKB, and BIKC. Location (i) 0000 must not be included in this storage
assignment. If it is desired to re-arrange the direct storage assign-
ments, only the symbol SETS may be assigned location (d) 0000. All
other direct storage locations may be assigned at will.

7. Program Stops

Location Description

CKPAR47 Three attempts have been made to read a tape
record and all have failed because of parity
errors. A card has not been read for this tape
image. Continuing from this point tries three more
times to read the record. This stop is at (r) 0223
when used as an independent program.

BBLKBI4- This stop is the NOT-COMPARE stop. A new card has
been punched from the tape image. Follow procedures
outlined in C.l.g. above. This stop is at location
(r) 0346 when used as an independent program.

RWD÷l An End-Of-Tape reflective spot has been encountered.
The program rewind-unloads the current tape. Mount
the next tape anc continue. This stop is at loca-
tion (r) 0375 when used as an independent program.
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If this routine is used as an independent program, one additional
stop is provided: at location (r) 0063 for the normal return.

8. Input Tape Mounting

The input tape is mounted on control unit W with logical selection U as
in 2. above. The tape may be file protected.

9. Input and Output Formats

a. Card Input

Standard 80 column binary card.

b. Tape Input

16010 character column binary image in odd parity of card 9.a. above.

c. Card Output

Standard 80 column binary card of image 9.b. above.

10. Timing

Approximately 200 cards per minute compared. This routine operates as
fast as the IBM 533 read feed.

12. Cautions

Do not step through the routine or take the computer out of RUN.

13. Equipment Configuration

Minimum 160-A with 163 and 1610 adaptor for the IBM card read punch.
The program assumes a 2-bank 160-A. The 163 tape unit is selected in odd
parity and assembly (12-bit) mode only. The buffer channel is used to
read cards from the second read station. The normal channel is used to
read tapes and punch cards.

15. Miscellaneous

a. Normal Return

Follows reading an End-of-File mark.

b. Interrupt

Not used.
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c. Bank Settings

Upon normal return, the direct, indirect and buffer banks are
restored to their values as the time of entry to the subroutine.
The subroutine will work in either bank.

d. Machine Registers

The Buffer Entrance, Buffer Exit, and A-registers are not restored.

e. Selective Stop and Selective Jump switches are not used.
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F7.
IDTIFICFTION

Title: FORTRAN cards to Flex Tape - Ident. AF 7.00
Programmer: N. D. Babic, August 1962, Control Data Corporation

PURPOSE

This routine reads FORTRAN source cards using the 167 Reader and punches
paper tape acceptable to the FORTRAN compiler, eliminating blank columns
and inserting Tab, Carriage Return, and Case Code characters as applicable.

RESTRICTIONS

1. Comments cards (C in column 1) are not punched on flex tape.
2. Only blank columns in a Hollerith field are punched as semicolon.
3. Card reader assumed to be on normal channel.
4. Both 11 and 8-4 punches are converted to minus sign.
5. In accordance with existing FORTRAN restrictions, format statements must

be the first statement in a program.
6. Blank card terminates the run.

USAGE

1. Operational Procedure
a. Machine load the program at P = 0000.
b. Master clear.
c. Ready FORTRAN deck followed by three blank cards in reader.
d. Press RUN switch.

2. Programed Halts
P setting Cause
(0216)8 End of run - for next run start at l(b) in Oper. Proc.
(O162)8 Err - number of characters in Hollerith field not

specified
(O0")8 Card reader - program error, amplifier failure, or motor

power off. Take appropriate action; to continue set
P a 0375 and press RUN switch.

(0407)8 Feed failure; to continue set P - 0375 and press RUN switch.
(0o410)8 Stacker full; empty stacker, set P = 0375 and press RUN

switch.
(0oIi)8 Hopper empty; place additional cards in hopper, set

P a 0375 and press RUN switch.
3. Space Required

Program occupies locations 0000 through 1020.
10. Standard FORTRAN input and output formats.
1l. Timing - None available.
14. Minimum swap 160-A computer plus 167 Card Reader.
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F8.
IDWTIFICATION

Title: Plot from Magnetic Tape 16 3/164 to 165 Plotter via 160-A
Computer - Ident AF8.01

Programmer: '(Control Data Corporation/ Applications), August 1962

PURPOSE

This routine, written in OSAS-A, is designed to plot consecutive points
on the 165 plotter and connect them with the best straight line. Points
are obtained from magnetic tape, one point per two-word assembly-mode
record, x then y. The first point obtained is used as a base reference
point and the plot proceeds relative to this point. There are amny switch
options, including a library of graph identification marks (upright cross,
diagonal cross, square, circle, diamond, eight triangles and two starts)
under the control of Jump Switch 1. Tapes must be in binary mode only
(odd parity).

USAGE

1. Operational Procedures:

The first record on the program paper tape is the OSAS-A paper tape
loader. Load anywhere in any bank and run from the load address with
the desired starting address for the routine in the A register. Run
the routine from its starting address. There will be a halt
(L+10 0000 7700) at which the tape unit being used should be put in
the A register. At a second halt (L+32 0000 7777) selection may be
made, by a suitable entry in the A register (0 through 17), from the
library of graph marks to identify different plots.

Selective Jump Switch 1 Up Produces a graph with each point marked
by the previously selected graph symbol. Without the switch Up the
plot proceeds smoothly but the individual points comprising the plot
will not necessarily be evident.

Stop Switch 1 is used to effect a pause (L+24O 0000 7700); running
will allow continuation of the same plot.

Jump Switch 2 is used to effect an absolute stop (L+153 1161 7700) i.e.,
to change tape reels or tape units. Running from here requires a new
selection of a tape unit at the initial halt. This switch setting
produces a rewind to load point of the selected tape unit. This switch
setting also produces a resetting of all the bank controls to their
initial values.
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After a tape mark is read Jump Switch 4 is interrogated: Up, the pen
stays where it is; Down, the pen is returned to the starting point for
the plot, and then a program halt occurs, L+230 0000 7700. Zero in the
A register allows a new plot to proceed from the original base reference
point after selecting from the graph mark library at the next halt,
L+32 0000 7700. Non-zero in the A register continues the previous plot.

3. Space Requirements

Total space requirements for the routine are 1264 locations anywhere
in any bank. Approximately half of the routine (&he latter 5268 locations)
are involved with the tape identification marks and could be dispensed
with if it is not required to mark the plots.

7. Error Stops:

L+lll 4444 0000 Indicates a suspicious record on magnetic tape. Tape
has been read three times and each time a parity error has occurred.
Putting zero in the A register allows the bad record to be ignored;
running without disturbing A allows reading the tape three more times.
This may be repeated indefinitely.

14. Equipment Configuration:

160-A Swap Computer, Tape unit 163/164, and 165 Plotter.
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F8.
IDENTIFICATION

Title: 165 Alphanumeric and Special Character Demonstration
Plot - Ident. F8.02

Programmer: (Control Data Corporation/Applications), July 1962

PURPOSE

This routine, written in OSAS for the Control Data 160 or 160-A computer,
is basically a demonstration routine, but it may be used to produce a neat
labelling of plots on the 165 plotter. The basic letter size is six-tenths
of an inch and all letters or digits with curved portions are produced with
smooth curves, utilizing the small internal up and down, sideways or diagonal
steps of the plotter to the limit. The program works from either paper tape
or the console typewrriter.

USAGE

1. Operational Procedures:

a. 160 - Load and run anywhere in core. At the halt (L+l 0000 7710)
entering non-zero in A allows input from paper tape, otherwise
input is via the console typewriter. (More than one character at
a time can be typed, but care must be taken not to overload the
typewriter buffer since this will result in characters being lost.)

b. 160-A - Load and run anywhere in core with care that the indirect
and relative banks are the same bank. Selective Jump Switch I UP
allows input from paper tape, otherwise input is via the console
typewriter.

3. Space Requirements: 45048 locations

7. Error Stop:

In either computer an error stop L+13 7777 OQOO indicates that the 161
typewriter is not ready for the entering of characters. Correction
os the condition before running will ensure success.

12. Caution to Users:

Since the routine is written for the 160-A, the selective Jump instruction
is a two-instruction set, which, on the 160, will be regarded as indi-
vidual instructions.

The second instruction of the two-instruction set will be an error halt
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if, and only if, the routine is loaded in 0; othervise, garbage.

Therefore, for the 160:

a. The routine must be loaded at 0, and

b. A normal error halt vill occur after the first normal halt.
(Error halt will occur at L 2 after the normal halt L+1).

Note: This error halt does not constitute an error fault.

14. Equipaent Configuration: Minimum 160 or 160-A SWAP Computer,
165 Plotter.
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Qi.
11"TIFICATION

Title: TRACK - Ident. - G1.00
Programmer: R. Beale, March 1961

PURPOSE

Trace a program, providing a flex-coded paper tape as output. Only the
beginning and ending addresses of a consecutive instruction string appear
as output, thus the object program is executed at higher speed than is
possible using a full trace.

USAGE

1. Operational Procedure

a. Clear memory
b. Machine load the bioctal tape starting at 7000 - correct loading

will end with P x 7577.
c. Machine load the object program without altering locations 7000 -

76008. Position input data tape in paper tape reader if required.
d. Set P a 7000, A x starting address of program to be traced. Run.

Halt 7701 will immediately occur - P = 7002. Without otherwise
altering console, set A = normal contents of A at start of object
program. Turn on punch, run.

3. Space required

7000 through 7534
5358 x 3498

10. Timing

Depending on the nature of the object program, its instructions are
executed at 10-500 per second. The average is close to 75 per second.

12. Cautions to User

Because each instruction must be interpreted before execution, the timing
relationships within a program are altered - it is not possible to trace
most card to tape programs for this reason. -The track program attempts
to faithfully execute a sequence of instructions regardless of its cor-
rectness. If proper selection of peripheral equipment does not precede
the activation of the equipment, the computer hangs on a "sel" error indi-
cation. Punching by the track program does not alter the object program
external function selections or senses. Each instruction is executed
from upper cord, :ather than from its normal position memory; therefore
programed error stops or halts in the object program show P s 7146.
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HI.

IDENTIFICATION

Title: Binary to 4-bit Decimal Conversion - Ident. H1.00
Programmer: Sandord Elkin, March 1961

PURPOSE

This subroutine will convert a 24 bit binary integer into a decimal integer
with each digit in successive cells.

USAGE

1. Operational Procedure

The 24 bit integer must be placed in locations BINDEC + 1008 and BINDEC
+ 101 , and the return address in cell 6. The 8-digit answer will be
put ig cells 708-778, with the units digit in 778.

3. Space Required: 6710 - 1038 locations.

4. Temporary Storage: Octal locations 6 and 70-77.

11. Timing - Approximately 4.3 milliseconds per decimal digit.

14. Equipment Configuration: Minimum SWAP 160 computer.

MATHEMATICAL METHOD

The binary integer is divided by 128. The remainder is stored in the appro-
priate location and the quotient used as a new binary integer.
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Hi.
IDENTIFICATION

Title: Convert Binary Coded Decimal to Binary - Ident HI.Ol
Programmer: J. Pederson, August 1960

PURPOSE

This subroutine will convert a binary coded decimal number of up to six
digits to the equivalent binary number in 22 bit arithmetic format. The
binary coded decimal number is stored one digit per word with the digit as
the low order four bits of the word.

USAGE

1. Operational Procedure

The address of the high order digits of the decimal number is specified by
the contents of storage location 0010. The number of digits in the
decimal number is specified by the contents of storage location 011. The
resulting binary number will be stored in location 0012 and 0013 with the
high order portion of the word in 0012.

The 22 bit arithmetic format uses the high order bit of the low order
word as a buffer to catch overflows, thus this bit must be a zero and
is not considered as an information bit The low order bit of the high
order word will be considered as the 211 bit.

On completion, the contents of location i0 will point one location beyond
the low order digit of the decimal number. Contents of 0011 will be
unchanged. The routine uses the high order four bits of location 0013
to catch the overflow from the multiply process. This overflow is added
to the low order four bits of 0012. On completion of the routines, the
program reassembles words 0012 and 0013 to the 22 bit arithmetic format.
The assumption in the conversion routine is that the numbers are positive.
Any sign indication will have to be added later.

2. Argument or Parameters - None

3. Space Required - 37 locations

4. Temporary Storage Requirements

0010 - Contains address of high order digit of decimal number
00.1 - Contains count of number of digits in decimal number
0012 - High order binary result
0013 - Low order binary result
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0070 - Counter used in routine
0077 - Mask (0377)

10. Timing - The routine takes 230.4+ 198.4 N microseconds where N is the
number of decimal digits to be converted. The routine will take approxi-
mately 1.2 milliseconds to convert a five decimal digit number. The
time to convert binary coded decimal information to the corresponding
binary information is given in the table below. These times are derived
on the assumption that the binary coded decimal information is stored one
digit per word with the high order digit of the numaber given first.

The break in the time sequence between 3 and 4 digits, 6 and 7 digits,
9 and 10 digits is based on changing from a single to double to triple
to quadruple precision binary representation.

CONVERSION TIME

Number of decimal digits Conversion time in milliseconds

2 0.11
3 0.18
4 1.03
5 1.23
6 1.43
7 2.6
8 2.9
9 3.4

10 5.0

n. Accuracy - The routine is good for up to six decimal digit numbers.

13. Equipment Configuration - Minimum 160 Computer.
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Hi.

IDENTIFICATION

Title: 160-A Output - Ident. AHl.02
Programmer: D. T. Miller, January 1962

PURPOSE

To set up a 120 character line image for on-line printing or writing on a
BCD output tape. The format will be specified in the calling sequence.

USAGE

1. Calling Sequence

The routine is entered by a return jump. The calling sequence will be
of the following form:

L JPR
L+I OUTPUT
L+2 NORMAL
L+3 RETURN
L+4 ERROR
L+5 RETURN
L+6 ADDRESS OF ERROR1+7 XXXX 1
L+8 XXXx Format Specification Slot - as many as desired
L+9 XXXX

L+N XXXI

L+N+1 XXXX Output Mode Specification Slot - as many as desired
L+N+2 0000

The calling sequence must be in the same bank as the output program.
Three full words in an output specification specify a field in the
line image or a mode of output. The format specification may refer
to data in any bank. Although ordering within the format specifi-
cations is immaterial, the entire group of format specifications must
precede the first output mode specification word. At least one output
mode specification must be given.
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2. Options and Parameters for Format Specifications

a. Binary-to-Octal

L OPPP
L+I DATA
L+2 NOOB

PPP: The rightmost print position to be used for this field.
DATA: The base address of the data word.
B: Bank number of the bank the data word is in.
N: The number of octal digits for output; if less than four

octal digits, the octal digits should be right justified.
The maximum is four digits.

b. Hollerith-to-Hollerith

L 1PPP
L+l DATA
L+2 NNOB

PPP: The rightmost print position to be used for this field.
DATA: The base address of the data word.
B: Bank number of the bank the data word is in.
NN: Number of words in the BCD field.

The BCD information is transferred in whole words, any blanks in
a BCD field must be provided by the programmer. The maximum number
of words is 60 (120 characters).

C. Integer-to-Integer

L 2PPP
L+I DATA
L+2 0OOB

PPP: The rightmost print position to be used for this field.
DATA: The base address of the data word.
B: Bank number of the bank the data word is in.

The output is 5 characters, sign plus 4 decimal digits. The integer
is converted by successive subtraction of powers of ten.
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3. Options and Parameters for Output Mode Specifications

a. Print On-Line

L 4000
L+I 00CC
L+2 0000

CC: Carriage control character, any of those applicable to
the CDC 1612 printer. The paper motion will be pre-skip
except for selection of one of the six monitor channels,
then it will be post-skip.

b. Write on BCD Tape

L 3UOT
L+l KOCC
L+2 0000

U: Tape control unit number used.
T: Tape number in proper unit.
CC: Carriage control character, any of those applicable to

the CDC 1612 printer. The paper motion will be pre-skip
except for selection of one of the six monitor channels,
then it will be post-skip.

K: K - 4 provides for blocked output. The line image is
stored in blocked form until a normal write tape sequence
is encountered, and then outputs the accumulated lines in
one record. A maximum of 5 lines may be blocked, then
they will be put out in one record and blocking will
continue.

The routine is coded for the CDC 163 tape unit.

6. Error Returns

In the event of error, error indications are placed in the A-register
and the calling sequence. The address of the erroneous calling sequence
word is stored in the calling sequence to the output routine. One of
the following numeric codes is placed in the A-register:

I - Print position not in the range 0-12010.
2 - Illegal output specification number.
3 - No output mode specification given.
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8. Tape Mounting

Controlled by programmer.

9. Format of Input and Output Data

a. Numeric data is assumed to occupy one full word in memory. Hollerith
data is assumed to occupy one or more consecutive full words in
memory for any one calling sequence reference.

b. Output: Controlled by programmer.

10. Selective Jump and Stop Settings

None.

11. Accuracy

Conversions are designed for full significance obtainable.

12. Cautions to the User

a. No check is made for overlapping fields. Any entry to the image
supercedes any previous entries in the same position (the image
is initially filled with BCD blanks).

b. The routine does not interfere with any buffering in operation at
the time of entry.

c. No tape checking is done within the routine.

13. Total Space Required

61810 Program. 30510 temporary storage for blocked records.
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Hi.
IInTIFICATION

Title: Conflex - Ident. AfI.03

PURPOSE

This routine allows you to use the *Flexowriter Model 35-4 ia the 6 level
mode to prepare programs and data for the 160A. All 35-4 Flexowriter
characters produce equivalent 160A Flexowriter characters except
", $, j, G, #, W, *, , ?, and uppercase period.

OPERATING PROCEDURE

1) Master clear.
2) Set all banks equal to 1
3) Mount conflex
4) Machine load at P = 0000
5) Set P a 0140
6) Mount tape prepared on 35-4 Flexowriter
7) Turn on punch
8) Run
9) Operation is terminated by moving run switch to off.

*(Standard Flexowriter used with G-15)

Note: If jump switch #1 - ON computer will stop on illegal character.
If jump switch #1 - OFF computer will not stop on illegal
character.
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III. Character Table

G-15
6 Level 160ALC UC Flex Flex UC LC Notes

a A 014 30 A a

b B 034 23 B b
c C 002 16 C c

d D 022 22 D d

e E 012 20 E e

f F 032 26 F f
g G 006 13 G g
h H 026 05 H h
i I 016 14 I 1
J J 036 32 J j
k K 001 36 K k

1 L 021 11 L 1
m M. 011 07 M w

n N 031 06 N n
o 0 005 03 0 o
p P 025 15 p p

q Q 015 35 Q q
r R 035 12 R r
s S 003 24 S s

t T 023 01 T t

u U 013 34 U u
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G-15
6 Leval 160..LC UC Floy. F1.2::_ UC LC ,ote__

v V 033 17 V v

w W 007 31 W w
x X 027 27 X x
y Y 017 25 y y
z Z 037 21 Z z
2 "11 70 ---- 2

See
131 64 Note 3 Punches 44 which is'

4 105 62 ---- 4

5 f 125 66 ---- 5

6 @ 115 72 ---- 6
7 # 135 60 ---- 7

8 A 103 33 - 8

See
9 123 37 Note 9 Punchej 54, which is (

See Punchc:i 57, 54, 470. ) 101 56 Note 0 which is )
1 * 121 74 1

Stop 2 Stop 2 104 43 Stop Stop

AS BS 132 61 BS BS

tab tab 130 51 tab tab

CR CR 110 45 CR CR

Sea
126 56 0 Note Punchev 46 w~aich is ,
114 42 ----

/ ? 124 44 ---- /
----. UC 122 47 UC ----
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C-15
6 Level 160A

LC UC Flex Flex UC LC Notes

LC ---- 102 57 LC

Space Space 100 04 Space Space
Code Code Code Code
Delete Delete 137 77 Delete Delete

See Punches 47, 46, 57
+ 136 42 Note which is t

116 50

.... 120 52 -.---
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Hi.
IUTZFTCATION

Title: General Binary to BCDD BD to Binary Conversion
fWZCY - Moent. A•l.. O

Progeamr: A. R. Perro, October 19&

PURSE

Uses a format statement, similar to Fortran statements, to specify the type
of conversion to be made in the input or output field. The input and output
fields are always internal information and are not in any way associated with
external equiluent. All input and output Information is handled internally
and is operated on specifically by the requirements made in the format state-
ment. The format statements are conversion specifications ihich control
the conversion of data from internal machine representation to packed
external representation.

MTCNV is a closed subroutine entered by a return jmp (aPR) with the contents
of the A-register specifying the type of conversion.

USAaE

1. Calling Sequence:

L-1 LDN Oor 1 O BCD toBinary
1 - Binary to BCD

L JPR GERM
L + 2 Location of format statement
L + 3 Starting Location of Input
L + 4. Terminating location in Input
L + 5 Starting location of output
L + 6 Terminating location of output
L + 7 Error indicator
L + 10 Return

3. Space required: 20638 - 107510 locations

4. Temporary Storage: Direct cells 70-74

5. Bank Allocation: Relative and direct must be the same, indirect must
be the sane as the miin proram, and input, output, and format fields
must be in the sine bank as the InAlrect bank setting.

8. Error Returns:

An error sets an error indicator at L+7; will also be In the A-register
at the tine control transfers to the main propam.
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The error codes are:

A - 1 The first left parenthesis is missing
= 2 Illegal character where a number should appear
= 3 Illegal code for parenthesis
= 4 Illegal imbedded parenthesis
= 5 Digit count exceeds 99 or output exceeds the range
- 6 Comma following a repeat digit or illegal alpha character
= 7 Output exceeded during alphanumeric format
= 10 Integer exceeds range of * 204710.

10. Input-Output Fbrmats:

a. Fbrmat Statement

The format statement must always be packed BCD information with
"a left parenthesis beginning the statement and terminating with
"a right parenthesis. Between the left and right parentheses
repeat parens may be used such as:

(2(16,3HAC,4A6),120,2X,4(o5,02))-

b. Conversion Types
There are two merieal conversion type codes: I, for integer,
and 0 for octal; and three alphamumerical conversion type codes:
A, X, and H.

I Conversion

In: Where n is an unsigned integer specifying the number
of characters in the field.

Input: Causes conversion between external BCD to internal
binary representation. Spaces are entered as zeros and
the integer variable may take on values from -207 to
2047 inclusive. A minus sign will count as a character
read. Mwadmu integer would be 1, for positive values and
15 for negative values. If n is greater than 4 (or 5 for
negative) during input, the leading characters of the Lnut
field will be ignored and only one work will be stored in
the output field. If the integer exceeds the range of
* 2047, the routine wil• exit to an error Indicator.

Exaple: Input field contains 3 words 0305, 0212, OW0. The result
In the output field would be one word 3 ?77T and conversion
would continue froa the character follo;in the 07

I
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Output: Causes conversion between internal fixed point representation
and external BCD representation. The external representation
is of the form, (-) DDD, where D is a decimal digit and the
minus sign or blank may appear. The field width must be
large enrvih to include the sign; it may be larger to include
leading blanks in the field. Leading zeros are replaced bv
blanks except for a zero value. Figure 1 shows the effect
of various width fields.

15 14 13 12 11

0 0 0 0 0
55 5 5 5

86 86 86 86 8
7T43 743 743 74 7

1395 1395 139 13 1
6 - 6 - 6 -6

23 -23 -23 -2
- 456 -456 -45 -4-

-1T89 -178 -17 -1

Figure 1.

0 Conversion

On: Where n is an unsigned integer specifying the number of
characters in the field.

Input: During input is is expected to find only spaces, digits
from 0-7 and possible a minus sign. All other characters
are illegsl. If n is greater than 4 will cause n-4 leading
characters to be ignored.

Output: 0 specification causes output of the octal equivalent of
the 12-bit representation of the integer value. Leading
zeros are not suppressed. If n is less than 4, n leading
digits will be placed into the output field. If n is greater
than 4, n- 4 leading spaces will precede the 4 digits in the
output field.
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The three alphanumeric conversion specifications provide for transmission of
alphanumeric field, spacing by skipping character positions, and Hollerith
information from the input list. These are converted by A, X, and H
specifications.

A Conversion

An: Where n is an unsigned integer specifying the number of characters
in the field.

Input: Transfers n characters to the output field. If n is less than
2, n characters are transferred. If n is greater than 2, n-2
leading characters are ignored.

Output: Transfers n characters to the output field. If n is less than
2, n characters plus the necessary leading blanks are trans-
ferred to the output field. If n is greater than 2, n-2 blanks
precede the alphanumeric characters.

X Conversion

nX Where x is an unsigned integer specifying the number of characters
in the field.

Input: n characters are skipped in the input field.
Output: n spaces are placed into the output field.

H Conversion
nH Where n is an unsigned integer specifying the number of characters

in the field.
Input: n t haracters are skipped in the input field.
Output: Causes n alphanumeric characters Immediately to the right of the

H to be transferred to the output field.

Repeated Groups

A repeat factor may precede any of the K, 0 and A specification codes.
Limits of the repeat are n = 99. Groups may be repeated in a similar manner.
The group to be repeated is enclosed in parentheses and a repeat factor
given preceding the left parenthesis.

Exenple: 2(16,3X,iA2)

12. Caution to User: A repeated group ma not contain a repeated group.
Example, illegal: 2(16,3X,2(L3))

14. Equilment Configuration: Minimum SWAP 160-A computer.
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H2.
IDENTIFICATION

Title: Sort 3X - Ident. H2.01
Programmer: (Control Data Corporation Sales), November 1962

PURPOSE

Sort 3X is a revised version of Sort 34 which is replaced. Sort 3X accepts
input of a file from one reel of magnetic tape where the information is
recorded as one item per physical tape block, This information is sorted
on up to ten sort key fields using any standard Control Data tape transport.
Four tape units are required. The sorted file is written out on tape with
one teim per block of magnetic tape. Either a minimum Control Data 160 or
160-A computer is used.

USAGE

1. Operational Procedure

a. Load Program Tape
1. Turn on paper tape reader.
2. For 160-A set all bank controls to bank 0.
3. Depress the load-clear switch to clear and then place in

load position.
4. Run. Tape will load and stop with P = 3700 A=2361. This

loads the program version for the 163, 164, or 162 tape
systems.

5. For 1607 or 1615 tape systems, Clear. Place the load-clear
switch in the load position.

6. Set P = 3360, Run. Tape will load the 1607/1615 tape driver
routines and stop with P = 3722 A = 7012.

b. Define Sort Fields,
1. Place enter-sweep switch at ENTER. Press load-clear switch.
2. Set P = 0100
3. Enter octal equivalent of lodation of left-most character of

sort field in Z.
4. Press step switch.
5. Enter octal equivalent of location of right-most character of

sort field in Z.
6. Press step switch.
7. Repeat steps 3 to 6 for each succeeding minor sort field.
8. Press step switch 2 times to place zeros after last field

definition if 9 or fewer fields are used.
9. Return all switches to center position and press load-clear.
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EAPLE: Sort a card record on columns 10 to 19 as major field and colmnsn
1 to 5 as a minor field. The 6 numbers entered in the program are
in order: 0012, 0023, 0001, 0005, 0000, 0000.

c. Define Sort Order for Magnetic Tape Character Code

Sort 3X includes a sort order table for standard BCD magnetic
tape codes. If e different code is to be used, place the sort
order table in locations 0200 to 0277 either manually from the
console, or by machine loading a previously created binary in-
put paper tape sort order table.

The present sort order from low to high is as follows:
Blank, 0 1 2 3 4 5 6 7 8 9
a b c d e f g h i j k l~m n o q r s t
u vwVxy z - &/ %
other special codes

To define a new sort order, for instance, blank A-Z, 0-9,
it is necessary to place a sort order number, starting with
octal 00 in the location corresponding to the magnetic tape
input coding of the required character. Thus, blank comes
in as octal 20, a is 61, B is 62, etc. This new sort order
would require that location 0220 contain a zero, 0261 contain
0001, 0262 contain 0002, etc.

d. Mount Magnetic Tapes

1. Mount input tape on tape unit number 1.
2. Mount scratch tapes of sufficient length on tape units 2, 3, 4.
3. Manually position all 4 tapes at load point.

e. Running the Sort Program

1. Specify parity of input tape by placing in location 0002 the
number 0000 for even parity 0001 for odd parity.

2. Press the load-clear switch on console.
3. Put run-step switch in run position.
4. Input pass will take place. On completion, a&U tapes will

rewind. Tape number 1 will rewind to unload position and
computer will stop with P = 0643 A = 0643, Z = TTOO. For
other stops and corrective action, see Halt Table (Appdx I).

5. Replace input tape on tape unit 1 with a scratch tape.
6. Move run-step switch to the center position and return it to

run position.
7. The sort will continue to completion and computer will stop

either with P = O701 A = 0001 or P - 0711 A = 0003. The
contents of A will indicate mhich tape contains the output
sorted file. This tape will be in the unload condition.
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8. Return run-step switch to center position.
9a. For 162, 163, or 164 tape systems: If the output is on tape

unit 1, press load-clear and return it to center. Set P =
0130 and run to rewind the error tape number 2. If the out-
put is on tape unit 3, press load-clear and return to center
position. Set P=0135 and run to rewind error tape unit 4.

9b. For 1607 or 1615 tape system: If output is on tape unit 1,
press load-clear and return to center. Set P = 3711 and run
to rewind error tape unit 2. If output is on tape unit 3, press
load-clear and return to center; set P = 3714 and run to rewind
error tape unit 4.

f. List Error Tape

The error tape contains records involved in an unrecoverable
read situation. These records are also on the sorted output
tape. The operator should check and correct such errors.

g. To Perform Another Sort

The sort program is self-restoring and may be used without
reloading. If the same set of sort fields is to be used,
mount the new input and run the sort program starting with
Step e.

h. Rerun Points or Sort Termination

1. To terminate sort (160-A) set optional stop one ON. Program
will stop after completion rewind of tapes at end of current
merge pass with A = abcd. Octal digits a and b are the tapes
which were input to the merge, c, and d, are the tapes with are
the output of the merge pass.

2. For a rerun point, remove tapes a and b and save. Replace
them with the new scratch tapes. Run from the point of the stop.

3. To terminate sort for further running at a later date, remove
tapes 3 and d and save them.

i. Resumin Terminated Sort or Rerun

1. Load sort 3X program, or if already in machine go to step 2.
2. Place intermediate tapes obtained from "h" avice on tape

units 1 and 2.
3. Master clear. Place 1234 in A register. Set P - 0764.

Step 3 times; this places the correct tape numbers in the
read control.

4. Master clear. Set P = 0777 and run.
5. Stops may occur with P = : 1036 1067 1077 1104, in all cases

run to continue.
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5. Bank Allocation: Set all 160-A bank controls to Bank 0.

7. Error Stops
Appendix I, HAIM TABLE, gives each stop and corrective action.
Sort 3X provides error checking at several levels. The main source
of possible errors is the magnetic tape system; Sort 3X provides
checks and corrective action. The checks are as follows:

a. Checks for short records from input tape: Sort 3X places a
lower limit of 16 characters for an acceptable input record. If
a smaller record is introduced a 0426 stop occurs. If the short
record is not expected, it should be discarded from the sort as a
probable noise record generated by bad tape.

b. Intermediate tape records must have a given format. Sort 3X checks
each intermediate tape record for the correct format before releas-
$ng it to the merge operation. Stop 3316 provides the option to
try to read the record again or to eliminate it from the merging
operation. On elimination, a copy of the record is produced on
punched paper tape for further analysis by maintenance personnel.

9. Input and Output Tape Mountings

See l.d. page 2

11. Timing
To estimate the time required by Sort 3X to process a file of records,
it is necessary to know the duration of phase 1, the duration of each
merge pass of phase 2 and the duration of phase 3 as well as the tape
rewind time required for each pass.

The following definitions and timing formula give the sort time using
Sort 34 using various tape units.

N Number of records to sort
R Number of characters in record. If odd, take next even number.
K Number of characters in key, if odd, take next even number.
BF First pass blocking factor = R Integer portion of division
P Number of passes - log K+R4

92BY
G Grouping in merge pass = 986

N
IB Number of data blocks in merge pass -

G
BS Block size for merge in characters - 6 + G(K+R+4)
CPR Characters contained per full reel of tape
IS Number of characters used for interblock space
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TR Transfer rate in thousands of characters per second
MS Read start stop time (milliseconds)

WS Write start stop time (milliseconds)
SED Stop delay (milleseconds dead time for continuous read or write)
RW Rewind time in minutes for a full reel of tape.
NG Internal processing time to mere one group of data to get

an output block. (milleseconde)
T Sort time in minutes

The sorting formula for Sort 3X is as follows.

T =(N +iM) (RS + D+ + (P) (NB) (RS + WS+ Y GO+ 2) +- (N(WS + SD+

60,000

+ 2NCR + M) + (P) (.5 (NB(BS + mEB))CPR

Where MG = (G) (.15)(K + .3R + 12)

EXAMPLE

This example illustrates the use of the Sort 3X timing formula. Assume that a
file of records to be sorted has the following specifications:

Record length (R) = 80
Number of records (N) = 20,000
Length of key (K) = 16 in two fields
163 magnetic tapes with a 30 KC transfer rate are to be used.
First determine the first pass blocking factor BF = 20 = 29.7

Taking the integer Tmrtion we have BF = 29
We then determine the number of passes (P) by finding N/BF= 689
And take the log to the base 2, or use table 2 to determine that P = 10
We next determine G= 986 9.86 so take G = 9

100

We then determine NB =_N = 20,000 = 2,222
'a 9

And determine BS = 6 + G(K+R+J) = 6 + 9(100) = 906

Taking values of CPR, IBS, TR, RS WS, BD, 31 from the tape characteristics
table a coputing • = (o) (.l)(+.3 +12) = 70.2 milliseconds. We substi-
tute in the formula to find the sort time is
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T= (20,000 + 40,000)(4 + 10 + 0) + 10 x 2,222(4 + 18 + 70.2 + 1812)

60,000 
60,000

+ 20,000(18 + 10 + 80) + 4Z5Th0 (230) +(10)(.75) 2,222(1056) 33

60,000 ,.20,000' 5,520,000_

T a (20 + 29(6.7 + 10 x 2.222(152.6) + ]2)3.3 x. .x.x.5
60 60 60 .. 52 5.52

3.33

T a 5.95 + 56.5 + 10.3 + 16 - 88.8 minutes

Table 2 Number of merge passes

N/BF P
1-2 1
3-4 2
5-8 3
9-16 4
17-32 5
33-64 6
65-128 7
129-256 8
257-512 9
513-1024 10
1025-2048 11
2049-4096 12
4097-8192 13
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Magnetic Tape Chlrac'trintics for Sort 3X Timing Prrposes

Description Tape Unit 163 164 603LD 60311D 6061,D 606111) 1607

CPR Characters per reel 5.52M 5.52H 5.52M 15.3M 5.52M IS.3M 5.52M

IBS Characters for
inter block space 150 150 150 417 150 417 150

TR Character transfer
rate (KC) 30 15 15 41.5 30 83 30

RS Read Start
(KS) 5 7 7 7 5 5 5

WS Write Start
(MS) 18 27 7 7 5 5 7

SD Stop Delay
(MS) 10 to 0 0 0 0 0

W Rewind time for
full reel (minutes) 3.33 2 1.33 1.33 1.33 1.33 3.33

Note: 5.52 M w 5,520,000

15.3 M a 15,300,000
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14. Equipment Configuration

Minima SWAP 160 or 160-A computer and four magnetlc tape units.
(163, 164, 1607 or 606)

VMOD

The sort process used in Sort 3X is performed in three steps. The first
called Phase 1 is an internal sort which reads individual records, determines
the sort control fileda, and sorts internally to form sorted groups of
records. Phase 2 is a two way merge of the individual sorted groups which
were formed in Phase 1. Phase 3 performs the final two way merge to form
the sorted file and also writes out the individual records in their original
form. It should be noted that althougb the input and output of the Sort 34
program are individual records, the intermi•iate tapes formed between the
various phases of the program are blocked up to form records of 1,000
characters for maxima magnetic tape efficiency.

Sorting Technique

The sorting technique used in the Sort 3X program consists of reading input
records from the input file until the total of records plus key Is a total
of 3,000 characters. These records are then arranged in sequence and written
on alternate tapes in blocks of 1,000 characters of record plus key. After
the input file has been read in, phase 2 of the sort program merges these
sorted sequences into longer sequences. When there is one merge left, the
sort 34 program automatically goes into phase 3 which produces one long
sequence which is the sorted file.
One tape is used for input, and two units are used for output during the
initial sorting process. In the merging process, the input units become
output units, and vice versa.
Sort 3X accomplishes the sorting operation in three steps - Phase 1, phase 2,
phase 3.

Phase 1
1. Phase 1 determines the total size of the sort key filed and reserves space

prior to the data for the key field.
2. Each record is read into the area immediately following its reserved key

field, the site of the record is determined from the read in command.
3. The key is extracted from the record, recoded to a sort sequence code,

and placed in front of the record in its key field. The key information
i .extracted from up to ten fields in the record.

II., Buscessive records are read in until the storage occupied exceed
3,000 characters for key and records.

5. The last record read in is backspaced to be accepted as the first
record of the next block.
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6. The information is sorted internally to form a sequence of not
over 3,000 characters in final sort order.

7. The information is written on the output tape in blocks of not
over 1,000 characters. The blocking factor is determined solely
by the number of records plus key which can be contained in less
then 1,000 characters.

8. Output is to the alternate output tape when there is a break in
sort sequence between the last record output from the previous
block and the birst record output of the current block.

9. A sequence count is kept so there will be an automatic switch to
phase 3 if the records were in sort on input, or were brought into
sort by the internal sort process.

Phase 2

1. Phase 2 merges the sequences written during phase 1 using as many
merge passes as are required to arrive at two sorted files, one
one each of the two output tapes. The files are still blocked to
a maximum of 1,000 characters per block. The blocking information
is contained on the magnetic tape blocks.

2. On reaching two sorted files, phase two goes to phase three.

Phase 3

1. The two sorted files are merged to form one sorted output file.
2. At output, the key is stripped from the record, and the original

record is written on the output tape.
3. If at any time during the sort process in phase 1, 2 or 3, a record

was encountered which was not recoverable during the read process,
the record is flagged as possibly being wrong. The bad records are
written on an alternate output tape as well as being written on the
final output tape. This allows for the operator to peruse the possible
errors and take corrective action.

Allowable Input Record Configurations

Sort 3X accommodates variable length input records which must appear on tape
singly as one record per block of tape. The maximum size of an input record
must be such that the nmaber of characters in the record plus the number of
characters in the key do not exceed 984 characters.

Maximum File Length

The input file to be processed by Sort 3X must be no longer than the number of
records that can be contained on a single tape reel when in the blocked form
for the merge passes. This number depends on the record length, key length,
and -whether the processing is being performed on a high density or low density
magnetic tape mode. The following table shows the maximum number of records
which can be processed as one job.
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Table I

Key and record Maximum number of records
size in

characters Low density High density

10 450,000 1,000,000
20 225,000 500,000
30 150,000 333,300
40 111,000 250,000
50 90,000 200,000
60 75,000 166,700
70 64,200 141,500

80 56,500 125,000
90 50,000 111,100

100 45,000 100,000
120 37,500 83,000
140 32,100 71,500
160 28,000 62,500
180 25,000 55,500
200 22,500 50,000
300 15,000 33,300
400 11,100 25,000
500 9,000 20,000
600 7,500 16,700
700 6,400 14,100
800 5,600 12,500
900 5,000 11,100
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EXAMPLE

Compute the maxim= file size for records 50 characters long using a sort key
of six characters. To total record plus key size is 56 characters. Assuie
high density mode of processing.
From the table we find that for 60 characters we have a file size of 166,700
records and for 50 characters we have a file size of 200,000 records thus we
can use a file of approximately 180,000 records.

Sort My ields
From one to ten fields of each input record can be specified to control sequen-
cing of the file. These fields can be located anywhere within the record, pro-
vided they are in the the same place in each record. The fields can be of any
length.

The locations of each control field is specified by the contents of locations
0100, 0101 for the first field, 0102, 0103 for the next lower field, etc. in
the core storage of the 160 or 160-A computer. The values of these locations
can be very conveniently set up by the operator by following the operating
instructions.

There is no penalty for using any number of fields or the location of the
fields in the record. The control fields can contain any character. The
standard collating sequence is included in the progream, but can be changed by
changing the contents of the location 0200 to 0277 in the Sort 3X program.

Unreadable Input Records

Input tape blocks, during any phase, are flagged for special treatment on out-
put. An unreadable record is one that causes redundancy error indications after
eight attempts to re-read the input record. A read error does not cause the
sort program to stop. In the phase 3 (output phase) the unreadable records
are put out with the regular sorted file and they are also listed on the
error tape.
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The intermediate tapes produced by sort 3X are written in binary and are pro-
vided with a header record and a trailer record. The tape records in between
also are blocked records. All records are a multiple of two characters and,
Will be shown in a two character representation as seen in memory. This is
also the form of the punched paper tape output of an error from the 3316
stop.

The formats are as follow:

Header Record

7772 Header code identifying this record as a header
0OXX Tape account number. Starts at 1 and is increased by 1 for each tape

written.
yyyy Key size. Size of sort key in words for rerun of the program.

Information Record

7775 " eWimjing Of information block code
xoox Number of records in block
7776 Begning of record, m be 7774 if record came from parity error

block
Yyy Number of computer words to reach next record

kkkk
• Key information, coded in sort order code

rrrr
OrigLnal record

7776 Beoding of next record

kkkk

7R3okd of block code (placed where next begidnning of record code might be)
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Trailer Record

7771 Beginning of trailer code
0000
7773
0000
bbbb Count of niaber of information blocks on the tape
bbbb
rrrr
rrrr Count of number of information records on the tape
rrrr

The counts in the trailer record are carried in BDC notation.

SAMPLE TAPE

A sample intermediate tape containing the records 2abc, 3abc labc which
are being sorted on colvm 4 and 1 wtould appear on an intermediate tape in
the following form, assumin that the block size was two records.

Header

7772
00=x Tape account number
0001 Sort key is one word or two characters

Information Block 1

7775
0002 Two records on this block
7776 Beginning of record flag
0005 This record is five words long, including key and flag
1503 Sort key "c2" in sort order code
0261 "2a" in magnetic tape code
6263 "bc" in manetic tape code
7776 Beinning of second record flag
0005
1504
0361
6263
7773 End of block flag

Information Block 2

7775
0001
7776
0005
150e
o161
6263
7773 End of block flag
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Trailer Record

7771
0000
7773
0000
0002 Low order 3 decimal digits of block count given in octal
0000 High order 3 decimal digits of block count given in octal
0003 Low order 3 decimal digits of record count given in octal
0000 Middle order 3 decimal digits of record count given in octal
0000 High order 3 decimal digits of record count given in octal

The beginning of information record code 7776 may be changed to 7774
by sort 3X if the record is in doubt. The value 7774 is used as a
tape as well as the normal record tape.
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Appendix I

Sort 3X Halt Table

P A Reason and Corrective Action

0134 1152 Error tape 2 rewound on 162, 163, or 164 tape system.
List tape number 2 and take corrective action on sorted
file.

01o1 1154 Error tape 4 rewound on 162, 163, or 164 tape system.
List tape number 4 and take corrective action on sorted
file.

9426 n/2 Source input record is less than 16 characters.
The contents of A gives one half of the number of charac-
ters read in the input record. If this record is legal,
run to accept. To delete the record from the sort, set
A to 4000 or greater and run. This check is included to
catch possible noise records from the input change loca-
tion 0423 to 07C0 where N is one half the size of the
shortest expected record and start at P = 0430 to accept
the record which caused the halt prior to correctL ng the
program.

0701 0001 Sort 3X completed. Output on tape number 1.
To rewind error listing tape, see step L.e.9 of operating
procedure.

0711 0003 Sort 3X completed. Output on tape number 3.
To rewind error listing tape, see step 1.3.9,of operating
procedure.

0762 abed This is optional stop 7701 which occurs between merge passes.
For 160, to eliminate this stop change location 0762 to
0300. Start at P - 0761.
The digits in the A register indicate the input tapes
as a, b, and the output tape as c, d which were used in
the last merge pass. This stop may be used as a rerun
point in a long sort. Remove tapes a and b and replace
with scratch tapes. To continue operation, do not
change the contents of A, and run.
For the 160-A, to eliminate this stop, return optional
stop switch 1 to the neutral position.

1036 XXXX Input tape A header halt.
Checks on the header of the intermediate input tape
header format failed for the following reasons: (1)
Unrecovered parity error in reading the input header.
(2) Account number on the header did not ccmpare with
the internal account number. (3) No header record on
the tape.
Replace tape A as indicated by octal digit Axxxx in loca-
tion 0037. Manual rewind load U tapes. Start with
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P - 0761. Program will stop with P - 0762 if optional
stop 1 is on. The program will stop with P - 1036.
Run, program will stop with P - 1067. Run.

This recovery procedure assumes that the scratch tape
was bad and performs the previous merge pass. The tw
stops at 1036 and 1067 will be caused by account number
errors which should be ignored.

1067 xxxx Input tape B header halt.
Checks on the header of the intermediate input tape
header format failed for same reasons as 1036 halt.
Replace tape B as indicated by octal digit xBxx in loca-
0037. Follow rest of the recovery procedure given for
the 1036 halt.

1077 ooc Key size specified on intermediate tape A and B do not agree.
If this stop occurs during a normal sort, manual rewind
load all tapes and start with P = 0761. Program will
stop with P = 0762 if optional stop 1 is on. The pro-
gram will stop with P = 1036. Rum, program will stop
with P - 1067. Run.
If this stop occurs during the resumption of an inter-
rupted sort, obtain the correct pair of input tapes and
restart the resumption procedure. The tapes presently
on drives 1 and 2 are not the correct pair.

I0O4 30= Key size specified on intermediate tapes and in the memory
of computer do not agree.

This stop should occur during the resumption of an
interrupted sort. Rn to get correct key size in memory
from tape. This stop should not occur otherwise.

1611 1611 Intermediate output tape C at physical end of tape.
Place longer scratch tape on unit C indicated by octal
digit xcxCx in location 0037. Manual rewind load all
tapes. Start with P = 0777.

1621 3ooax Attempt to write merge output on error tape during third
phase, or output section of sort.

This error may occur as a result of a recovery procedure.
Manual rewind load all tapes. Start with P = 0777.

1700 1700 Intermediate output tape D at physical end of tape.
Place longer scratch tape on unit D indicted by octal
digit xxd) in location 0037. Manual rewind load all
tapes. Start with P = 0777.

2004 xxxx Intermediate tape A record count error.
Number of records moved from A input area does not com-
pare with the number indicated on the input tape for this
block. xxxx = number of records in the block minus the
number of records moved out.
This stop usually is an indication of machine trouble,
however one attempt may be made to get around the error
by manual rewind load all tapes and start with P = 0777.
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2103 xxxx Intermediate tape A file accounting error.
Number of records and blocks processed from intermediate
tape A does not check with the Tape A trailer account
records.

Manually rewind load all tapes and start with P = 0777.
2137 x)ox Format error.

The intermediate record read in from tape A does not
conform to the format required for sort 3X.
Manual rewind load all tapes. Start with P = 0777.

2163 xxxx Intermediate tape B record count error.
See 2001 stop for cause and action.

2262 rX3 Intermediate tape B file accounting error.
See 2103 stop for cause and action.

2316 xxo Format error.
The intermediate record fed in from tape B does not
conform to the format required for sort 3X.
Manual rewind load all tapes. Start with P = 0777.

2337 T xxx
2352 xxxx
2363 3xxx
240 xxc
2606 xocx
2611 xxxx All above stops may occur only during the first or input

pass and have to do with internal format checks
Manual rewind load all tapes. Start with P = 0000.

2764 xxxx Intermediate pass output tape is at physical end of tape
during input pass.

If contents of 0031 = 0001, output is tape D. If con-
tents of 0031 = 0000, output is tape C. Place a longer
scratch tape on output tape c or d as indicated by
the contents of location 0037 - oxCD. Manual rewind
load all tapes. Start P = 0000.

3007 oXX Internal format error during output pass.
Manual rewind load all tapes. Start P = 0770.

3050 0040 Physical end of tape normal output tape C during output pass.
Place longer tape on output tape C as indicated by the
contents of location 0037 = ,xCx. Manual rewind load
all tapes. Start P = 0770.

3076 0040 Physical end of tape, error output tape D during output pass.
Place longer tape on output tape D as indicated by
contents of location 0037 - XMM. Manual rewind load
all tapes. Start P = 0770.

3312 U= Halt before re-read of bad input record. A contains the
address of the location in Sort 3X mhere re-read of the
input record will start. This stop always follow a 3316
stop in which the decision is to reread the input tape.
Hrn to continue.
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3316 7777 Format error on reading intermediate input tape.
The block read in from the intermediate tape does not
conform to the format required by sort 3X. This stop
is caused by either a noise record left on the tape in
passing a bad spot, or by a malfunction of the tape syctem.

Re'e-oeended recovery procedure is,
i) Re-read the bad record. Move run-step switch to neutral

and then to run. Computer will arrive at 3W12 stop.
Run again to reread the had tape. If the 3316 stop
occurs again, it is probably a noise record, so take
step 2.

2) Eliminate the record from the operation. Turn on paper
tape punch. Clear A register and run. The bad record
will be punched out on paper tape in the magnetic
tape code. Feed out the paper tape and keep the bad re-
cord for possible diagnostics by the maintenance repre-
sentative.

3) If this stop persists on alternate passes, it is possible
that one of the scratch tapes has a bad area on it. Note
the tape unit which is used during the tape re-read pro-
cess, set optional stop 1 and replace the tape at the
next betveen merge stop. Caution. Replace the bad tape
at the between merge stop immediately following the 3316
stop and recovery procedure.

4) If a 2103 or 2262 stop occurs after the 3316 stop, the
record remoyed from the sort is one of the records in
the file. -t Is recomnended that the sort be performedagain.

3720 xx=x Error tape rewound on 1607 or 1615 system.
List error tape and take corrective action on sorted
file.
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If.
IDENTIFICATION

Title: Proper Fraction for Calculating Percentages - Ident. I1.00

Programmer: L. Goodreau, May 1961

PURPOSE

Division of x where x is assumed to be< y. The answer will be in the form
y

.xxxx, adjusted by rounding, in true binary.

USAGE

1. Operational Procedure: Program tape can be loaded anywhere in memory.

2. Arguments

a. Dividend in location 71
b. Divisor in location 70
c. Exit to main program in 77
d. Result in location 73

1) If the divisor x 0, result will be 0.
2) If x < y, the result will be in the form .xxxx, rounded.
,3) Space required: 19610 locations, including locations 70 - 77.

METHOD

D = dividend which is _ 409510

d = divisor which is.. 409510

D BCK x 103

d BCK

d BCK x 101

d BCK x 102
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I1.

IDENTIFICATION

Title: Single Precision Divide - Ident. I1.01
Programmer: Sanford Elkin, February 1961

PURPOSE

This subroutine will divide a positive 23-bit fraction by a positive 11-bit
fraction, giving a rounded 11-bit fractional quotient.

USAGE

1. Operational Procedure

The dividend (a and b) must be placed in locations 60 and 61 respectively,
and the divisor (x) in 62. The contents of a must be less than the
contents of x, and both must be positive. b contains 12 low order
magnitude bits, which may be all zeroes. The routine is entered at the
symbolic address DVDSBR, and the return address must be in cell 7. The
quotient (y) will be in cell 63.

3. Space Required: 2710 = 338 locations 7 and 60-63.

11. Timing: 2.0 milliseconds

12. Cautions to User: The dividend is destroyed by the subroutine. If the
true quotient equals or exceeds 1 - 2 , the octal value 4000 will be
in cell 63.

13. Accuracy: 1 bits, with answer being rounded.

14. Equipment Configuration: Minimum SWAP 160 Computer.

MATHEMATICAL METHOD

Repeated subtractions are used.
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II.

IDENTIFICATION

Title: 9-bit Quick Multiply - Ident. 11.02
Programmer: Sandord Elkin, February 1961

PURPOSE

This subroutine will multiply two signed 11-bit numbers together in about
600 microseconds, giving a signed answer accurate to approximately 10 bits.

USAGE

1. Operational Procedure

The two numbers and their product are interpreted as signed fractions with
magnitude less than unity. The multiplicand must be in cell 10 and the
multiplier in cell 11. Cells 70-72 are used for temporary storage, and
the product will be placed in the A register. The routine is entered
at the symbolic address MPY9B, and cell 2 must contain the return address.

3. Space Required: 18110 or 2658 locations, plus locations 10, 11, and
70-72.

11. Timing: Average - 595 microseconds, maximum - 660 microseconds

13. Accuracy: Average - 1 x 2- 11, worst case - 3 x 2-11

14. Equipment configuration: Minimum SWAP 160 Computer

MATHEMATICAL METHOD

2"10 is added to the absolute value of each factor, and the two low-order
bits of each are truncated. If either resulting number is 0 or 1, 0 or the
other factor becomes the answer. Each of the three octal digits of the re-
sultant multiplier is examined, and the partial product of each with the
resultant multiplicand is obiained. The bits in each partial product which
are less significant than 2 are truncated, and the sum of the partial-11
products is truncated to 2 . The sign of the product is then obtained,
and the answer is placed in the A register.
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II.

IDENTIFICATION

Title: Integer Divide - Ident. 11.03
Programmer: Sandord Elkin, March 1961

PURPOSE

This subroutine will divide a positive 23-bit integer by a positive 11-bit
integer, giving a 12-bit quotient with an 11-bit remainder.

USAGE

1. Operational Procedure

The 23 bit integer must be placed in a (70) and b (71), the divisor in
x (72), and the return address in exit (7). x must be greater than a
(a being the more significant half). The routine must be entered at
DVDINT. The quotient will be in y (73) and the remainder in a (70).

3. Space Required: 2210 , 268 locations.

4. Temporary Storage: Octal locations 7 and 70-74.

11. Timing: 2.0 milliseconds.

14. Equipment Configuration: Minimum SWAP 160 computer

MATHEMATICAL METHOD

Repeated subtraction are used.
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Il.

IDENTIFICATION

Title: Fractional Arithmetic - 22 bit - Ident. 11.04
Programmer: S. Palais and J. Seewerker, July 1961

PURPOSE

This is a relocatable package, designed to add, subtract, multiply or divide
22-bit binary fractions (positive or negative).

USAGE

1. Operational Procedure

a. Calling Sequence

The desired subroutine may be entered by either a JPI or a JFI 01
as in the example below.

Subroutine
Location Address

ADD 0002 105
SUBTRACT 0003 100
MULTIPLY 0004 220
DIVIDE 0005 401
RETURN ADDRESS 0007 ---

Examples:

LDF 03 LDF 04
STD 07 STD 07
JPI (02, 03, 04 or 05) JFI 01

(RETURN ADDRESS) (SUBROUTINE ADDRESS)
(RETURN ADDRESS)

The augend, multiplicand, minuend or dividend is placed in cells 70
and 71 and the addend, subtrahend, multiplier or divisor in cells
72 and 73. The result appears in 70 and 71, with the contents of
72 and 73 unchanged. Thus, a sequence of operations can be per-
formed, changing only the contents of 72 and 73. An overflow in
addition or subtraction is indicated by a 1 in cell 74.

b. Operating Instructions

If the 22-bit Fractional Arithmetic non-relocatable program tape is
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loaded at 00, it may be run as is. Since the executable part of the
routine can be relocated anywhere above 100 one can load the reloca-
table tape anywhere and then add the new load address minus 100 to
the entrance addresses given above and enter the resulting sums in
registers 0002 thru 0005. This is the only change necessary to
relocate the program.

3. Space Required

a. Low Core

Besides locations 0002 thru 0005 and 0007 specified above, cells
70 thru 77 are used as temporary storage.

b. High Core

The executable subroutines start at location 100 and run to location
573. The following is a breakdown for the variouc subroutines:

Entrance Space Required
Subroutines Address Octal Decimal

22 ADD 0105 113 75
22 SUB 0100 120 80
22 MULT 0220 161 113
22 DIV 0401 173 123

with a total length of 31610 f 4748.

8. Error Return

If the divisor is less than or equal to the dividend, an error return
is signaled by a non-zero accumulator upon return from the subroutine
(a normal return from a subroutine will have a zero in the accumulator).
The input to registers 70 thru 73 is restored and if the dividend equals
the divisor, location 74 will contain 4000.

10. Input and Output Format

a. Positive 22-bit Fractions

The most significant 11 bits of the fraction are placed in the "high
order" word and the least significant 11 bits in the "low order"
word with the left-most bit of both words being zero; e.g., in the
division routine, cells 70 and 71 would contain the high and low
order parts of the dividend respectively and cells 72 and 73 the
high and low order parts of the divisor.



8 February 1963 4-132 TM-(L)-993

b. Negative Fractions

The add and subtract routines do 24 bit complementary arithmetic.
Thus, a negative 22 bit fraction is broken up into the high and low
order parts as above and then one's complement of all 24 bits is
taken and entered into the high and low order words (which the
computer will then regard as negative since the left-most bit of each
word will contain a one bit.) Thus, if the result appearing in 70
and 71 is negative, the magnitude of the number may be found by
complementing both the high and low order words. The high and low
order parts of an input number must agree in sign, otherwise an
incorrect answer will be given.

11. Timing

Subroutine Execution Time

22 ADD 225 microseconds
22 SUB 300 microseconds
22 MULT 5 - 10 milliseconds
22 DIV 10 miliseconds

12. Cautions

Since cell 74 (the overflow indicator) is set equal to zero at the
beginning of each addition, subtraction or division, the user should
check for overflow at the end of each of these operations if he intends
to do a sequence of computations. In using any other subroutines
related to 22-bit arithmetic, one should be careful to distinguish
whether they are applicable to 22-bit fractional arithmetic.

13. Accuracy

All subroutines result in 22-bit positive fractions or 24-bit one's
complement negative fractions. In multiplication, the product is
rounded to 22-bits. In division, the quotient is truncated to 22-bits.

14. Equipment Configuration: Minimum SWAP 160 or 160-A Computer
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Ii.

IDENTIFICATION

Title: Nine-Bit Quick Sine - Ident 11.05
Programmer: S. Elkin, August 1961, Control Data Corporation

PURPOSE

This subroutine will obtain the sine of any angle whose magnitude is less than900, in about 3 milliseconds, with the answer accurate to about 9 bits.

USAGE:

i. Operational Procedure

The angle x must be put in the A register before entering the routine,
and the answer sin x will be put in the A-register. The format of x must
be that of a signed binary fraction, i.e. 4000 < x < 3777 and it is
interpreted as a fraction of 90 . For example, x - 2000 means x - 450,
and x = 4000 means x =--89.956°. Sin x should also be interpreted as a8
signed binary fraction. The routine is entered at the symbolic address
SINFX, and XTSIN (location 3) must contain the return address. Finally,
ADRMPY (location 4) must contain the address of the 9-bit Quick Multiply.

3. Space Required

For the Sine routine alone, 38 = 468 locations, plus location 3 for the
exit address. However, the 9-Ht Quick Multiply requires 181 10- 2658
locations plus 5 locations in low core.

11. Timing

Approximately 2.85 ms average, 3.1 ms maximum.

13. Accuracy

Average error from 00 to 67.50 is less than .001, from 67.50 to 800 is
less than .002, and between 800 and 900 is less than .004.

14. Equipment Configuration: Minimum SWAP 160 or 160-A computer.

16. Reference: "Some Basic 1604 Mathematical Subroutines," (CDC Publication 061).
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MATHEMATICAL METHOD

The Tchebychev equation

sin x = x(C3 - x2(C - x2(C

is used, where C3-- 1.5703, C2  .6419, C 1: .0715, and -1< x <1.

The machine implementation of the equation is

sin x - 2x(31108 - x2 (12228 - x 2(01118))),

where x is a binary fraction of 2i2'
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If.
IDENTIFICATION

Title: Matrix Inversion - Ident. 11.06
Programmer: D. M. Lytle, September 1962, CODA

PURPOSE

This subroutine is written in 160 FORTRAN (160 FORTRAN-A) for finding the
inverse of a square matrix.

USAGE

1. Calling Sequence: The following two statements must be in the main
program.

DIMENSION A(nn),L(n),M(n)
N= n

where n a size of square matrix.

The inverse matrix of A is stored back into A. Communication between
the subroutine and main program is accomplished by the NON LOCAL
statement in the subroutine.

3. Space Requirement: The subroutine requires 747-8 (4871) locations.
A 17x17 matrix could be inverted in the 160 and 33x33 for 160-A.

11. Timing:

Size

3x3 3 seconds
lOxlO 53 seconds
20x20 4 minutes
30x30 20(estimated minutes)

16. Reference: Lanczoc, C., Applied Analysis, Prentice Hall, Inc., 1956,
118-122.

METHOD

The Gaussian Elimination Method is used for the inversion.
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C Pr%(X11A4 FOR~ FVTUi)i1 J1E INlVERMI OF A NXN KATRIX
256 FOIOMAVP( must. b6dfnd)

flttwruntariavn~z~ii main program
NONLOCAL A,L,,M,N

c SEARCHI FOR URG(E=' LMN

DOY30 K=1,N

M(K)=K

DPJ20 I=K,N
D020 J=K,ll
IF(AI3SoF(13IGA)-A~flSi(ACI,4T)) 1.0,20,20

10 I3IGA..A(I,J)
L(K)-I
M(K)=J

20 CONTINUE
JwL(K)
IF(L(K)-K) 35,35,25

25 D030 Tnl,N

30 A(J,I )=IIOLD)
C INTERMIAflGE COLUMHDS

355 I=14(K)
IF(M(K)-K) h-5,4g5,37

37 D04o J=1,N
JIOLD'--A(J,K)
A(J)K)-A(J,I)

4&5 D055 I=1,N
46 ir(I-K)5o,55,5n
50 A(I,K)=A(I,K)/(-A(K,K))
55 CONTINUE

C flEDUCE MATUIX
D065 I=1,N
w)65 J=1,ri

56 IF(I-K() 57,65,57
57 IF(J-K) 60,65,60
60 A(I,J)=A(I,K)+A(K,J)+A(I,J)
65 C0rTInU

D075 J"'1,N
VA 68 IF(J-K)70,b1,(0

70 A(K,J).-A(K,J)/A(K,K)
0 75 COUTINUE,

DD4-DA(X,K)

A(KK)-1.0/A(K,K)
80 CONrrIrNji

C FINAL ROW, ANT) COLUMIN IN'I7-MC1!ANCJE
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K= N
10 W K= (K-1)

.EF(K) 150,150,103
103 I=L (K)

IF(I-K) 120,120,105
105 DO1lO J=1,N

IIOLD=-A(J,K)
A(J,K)=-A(J,I)

110 A (J, I)4[OLD
120 J=M(K)

IF(J-K) 100,100,125
125 D0130 I=1,N

I[0U)=.A(K,I)
A(K,I )=-A(J,I)

130 A(J,I>=HOLD
GO TO 100

150 CONTINUE
RE'IURN
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Ill
IDENTIFICATION

Title: Program Structure - Ident. AIl.07
Programmer: Elizabeth Phillips, October 1962, MSU - Computer Laboratory

PURPOSE

This program determines all those permutations i' which leave a structure (S,R)
invariant, and all those permutations Pwhich leave (SR) self-dual.

A structure (S,R) is a finite set S (which may as well be the first n positive
integer) together with a relation R on the set, which is symmetric and reflexive,
though not necessarily transitive. The permutation I leaves (S,R) invariant
if aRb if and only if 17Y(a)R*(b); pleaves (S,R) self-dual if aRb if and only
if P(a) 4(b), in both cases for all a,b in S except for a b.

A matrix C(S,R) is associated with (S,R) where C(S,R) (a ij) and aij =1 if

iRj; aij = 0 if i z j. Then Y leaves (S,R) invariant if and only if

a a a (; and Pleaves (S,R) self-dual if and only if a -.F
ai ViW( ij pWi)p

of all i and j in S except i . J. Here 'p(i)Aj) means the Boolean Complement.

This program accepts a matrix C(S,R) and produces all permutations which leave

(S,R) invariant and all those (if there are any) which leave (S,R) self-dual.

USAGE

1. Operation Procedure:

Master clear, clear both memory banks. Load Fortran Interpreter
(AC1.00-3D) according to operating instructions for 160 Fortran-A. Input
object code. At stop, position data tape in reader and run.

7. Error stops: Those listed for Fortran.

10. Input and Output Formats:

(i) Carriage return. A two digit integer equal to the order of the
matrix to be permuted.

(ii) Carriage return. A two digit integer, either "00" or "01." Use
"O1" if intermediate output is desired after every lOOOth permuta-
tion for stopping and restarting purposes. For cases of n 8,
this would not be necessary.
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a. input (cont.)

(iii) Carriage return. A one digit integer for each element of the
matrix. These are read in by col-ns, each element preceded
by a carriage return. There will be n2 of these.

(iv) Carriage return. A two digit integer for each member of the
first permutation to be tried. Each integer is preceded by
a carriage return. There will be n of these.

These will be of the form ni, n2 , n3. . . . . , nq which means

the permutation 1 2 3 q

n1 n2 n3 nq

(v) If (ii) is "00", this completes the data. If (ii) is "01",
additional information needs to be input--to allow for starting
in the middle of the run. This consists of a carriage return and
a two digit integer equal to "00" only if it is desired to start
at the beginning of the problem; "01", to start in the middle.
Then for the initial input, 2(n-1) "0O"'s are punched, each
"00" being preceded by a carriage return. On successive runs,
these values will have been output (thus tellin5 you how far
the problem got and from where to continue next).

b. Output

The headings "Invariant Permutation" or Self-Dual Premutation"
are punched out followed by the order of the matrix (n) and
the n components to be interpreted as follows:

n : 03

X : 03

N2 : 01
x3 : 02

this means the matrix is of order 3, the permutation is 03 01,
01 02, 02 03, or 1 2 3

312 •

If (ii) on the input tape was "01" then after every lOOOth
permutation (for n=8, this would be 40 times) there will be
2(n-1) two digit integers output (leading zeroes are supressed).
This is the information that is put back in in step (v) above, pre-
ceded by "01", If restarting at this point is desired.
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11. Timing: For n=5, the time is 2.5 minutes; for n=6 , 18.75 minutes;
for n=8, approximately 25 hours (thus the need for restart procedures).

14. Equipment Configuration: minimum SWAP 160-A computer.

15. SWAP Routines Used; 160 Fortran A.

16. References: H. F. Trotter, "Algorithm 115, PEW", Comm. ACM,
August, 1962, pp.434-5.

METHOD OR AI3GORITHN:

The method used to obtain the n! permutations of the set of n integers is
one developed by H. F. Trotter. It changes the order of the given set
once each loop around, so that after n! loops, all n! permutations have
been generated. For each permutation generated, the original matrix,
M (which is input), is permuted, first by rows, then columns. This
new matrix is then compared with the original matrix, element by ele-
ment. If the new matrix is exactly like the original, the output repre-
sents a permutation which leaves the matrix invariant. If the new
matrix is the complement of the original excluding diagonal elements,
the output is printed out as self-dual. In comparing the two matrices,
if at any time an element is discovered which contradicts either of
these restrictions, the comparison is abandoned and a new permutation
is generated.
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C PROGRAM STRUCTIURE
0140 format (2lhinvariant; permutation)0141 format (2 lhaelf; dual; permutation)
0100 format (12)
0101 format (11)
0102 format (/)0103 dimension k(24), is(12), Ja(12), m(12,12), mp(12,12), mpp(12,12)0104 read 100, n,lstop
0105 n2 v 2'n
0106 n3 - n+l0107 read iO01,((M(i,J),i,,l,n),#Jo1,n)
0108 read 100, (K(±),iun3,n2)
0109 do 110 1-1,n
.0110 k(i) = i0111 LFIRST - 0

if (LSTOP) 31,4,310031 read 100, Ifirst, (IS(I), JS(I),1u2,n)
0032 kount =0

C BEGIN PERHUTE N NUMBERS0004 nt, = n
0005 If (LFIRST) 10,6,10
0006 do 8 i=2,n
0007 is(i) 0 0
0008 js(i) 1 i0009 LFIRST = I
0010 m 2. 0
0011 L - IS(NT) +JS(NT)

IS(NT) = L
00.12 if (L-NT) 15,13,150013 JS(NT) - -1
0014 go to 18
0015 if (L) 23,16,23
oo16 JsJN') - 1
0017 M - Ml+1
0018 If (NT-2) 21,21,19
0019 NT - NT-1
0020 go to li
0021 L - 1
0022 LFIRST = 0
0023 L = L+Ml
0024 nl =n+L
0025 kt = K(N1)
0026 K(NI) = K(N1+1)
0027 K(N1+1) = KT0028 if (LSToP) 33,29,33
0033 kount a kount +10034 if (KOUN.- 1000) 29,5,29
0035 kount =o0036 punch 100, (IS(I), JS(I), i.2,n)
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punch 102
o BEGIN PERMUTE MATRIX
0029 do 116 iul,n

in = I+N
0112 n. - K(I)
0113 L - K(IN)
0114 do 115 J- 1,n
0115 mp(nl,j) - M(L,J)
0116 continue
0117 do 123 i-l,n

in - I+N
0119 nl - K(I)
0120 L - K(IN)
0121 do 122 j -1,n
0122 mpp(J,nl) - MP(J,L)
0123 continue

C COMPARE MATRICES FOR INVARIANCE+ SELF-DUALITY
0125 do 128 i'l,n
0126 do 128 J=l,n
0127 if (M(i,J) - MPP(i,J)) 180,128,180
0128 continue

punch 140
go to 129

0180 do 134 i=l,n
do 134 J-l,n

0131 if (I-J) 132,133,132
0132 if (M(iJ) - MPP(i,J)) 134,170,134
0133 if (M(i,J) - MPP(ij)) 170,134,170
0134 continue

punch 141
0129 punch 100, n, (K(I), iun3,n2)
0130 punch 102
0170 if (LFIRsT) 4,144,4
0144 pause 0001

go to 104
end
end
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Ji.
IDENTIFCATION

Title: LDnEAR PROGAZM I (SIMPLEX METHOD) - Ident Ji. 00.
Programmer: John F. Quinlan, August 196a, Control Data Corporation

PURPOSE

This program is written in FDRTRAN for the Control Data 160 or 160-A computer.
The Simplex Method is the computational technique used rmd the input data
must inply a first feasible solution. This condition is not limiting since
any LP problems can be arranged to meet it by the proper manipulation of
input parameters. Examples of the manipulation are given in the sample
problem.

USAGE

1. Operational Procedures

Using technique for FORTRAN, the first set of restraints and minimizing
coefficients are read in. After punching out answer, computer will
stop (A=llll). The next set of coefficients can be placed in reader
and run. Computer will then repeat -, punch answers, and stop (A=IIII).

3. Space Requirements

The size of the LP problems handled by the program are given by the
equation

2(M+N) + (M+l)(N+l) G

where G = 245 for 160 computer
G = 1117 for 160-A computer
G =(estimated 6 banks) 6237 for 160-A FORTRAN
M = nmuber of restraining equations
N = number of non-slack variables

Slack variables either natural or artificial, are not included in
assessing N.
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Sample Problem I

Minimize

xI + x + x3

Subject to

(1) -x + x2 - x 3  -2

(2) -x1 - x2 + x 3 - 1

Since restraint (1) has a right hand side less than zero, multiply it

through by -1 giving

(1) X 1 x-2 + x3 E!! 2

Since the relationship is now one of. ,another non-slack variable x4

is introduced giving

(1) x1 -x2 + x3 - x4  -2

Because an equality exists, it is necessary to associate an artificial

slack with this restraint. Thus the inputs will be taken from the

following system:

Minimize

lOa 1 + x1 + x 2 + x3

Subject to

(1) a 1 + x1 -x2 + x3 -x 4 - 2

(2) Y2 - x 1  x2 + x 3 -1

* Xl is placed here as the artificial slack is also to be minimized.

10 is arbitrarily chosen, 100 would do just as well.



8 February 1963 4-145 TN-(L)-993

Samip e I'r~ •'i,:it I (•mo tin ,i'd)

Where x is an artificial slack and

x2 is a natural slack

The identifiers on output will be as follows:

Variable Identifier

a1  1

Y2 2
x 1 3

X 2 4

X 3 5

X 4 6

In this problem M - 2, N - 4

The input and output for this problem are shown below

input oitpl t

02o04/10. OeO/)

0. OeO/I .Pxooooooe ol1.Ooo/F £ 2

1 .OO/• . P OOO(}O0O, ',10. 2 .Io:/- 0C

-1 .oo/!

-1 .Ce)i I NOTE:
2.C) J o,)Coefficients

0C for a1 andy
- are not included

.(Z) here

i . Tes/cn

Execution Time -- 9 seconds
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Sample Problem II*

In this problem, M w 5, N a 4.

Maximize

x1 + 2x2

Subject to

(1) -x1 + 3x- 10 with all xi 0

(2) x1 + x 2 t 6
(3) x1 - x 2  - 2

(4) x1 + 3x2  6

(5) 2xI + x2  4

Since the relationships of (4) and (5) are another non-slack variable

must be introduced, x6 and x7, giving

(4) -x, -3x 2 -x 6 - -6

(5) -2xI - x2 - x7  -4

Now M - 5 and N = 4
Minimize

-x 1 -2x 2

Subject to

(1) Y3 - x, + 3x2 -10

(2) y4 + x, + y2 6
(3) Y5 + x"- x2 -2

(4) y8 + x, + 3x 2  x6 - 6

(5) y8 + 2xl + x 2  x7 - 4

* Ref: GARVIN, W.W, Introduction to Linear Programming, pA 45-46.
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Sample Problem II(continucd)

where x3 , x4 , x,, are natural slacks
x8' x9 are artificial slacks

x i '_ 0 i - 1,2,...,9

The identifiers on output will be as follows:

Variable Identifier

Y3 1

Y4 2

Y5  
3

YS 4

Y9  
5

x 1 6

x 2 7

x 6 8

x 7 9
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Sample Problem II (continued)

input output
I

0504~/ M,0

0.OO 9

0.OO z
-I .OCO/Y

O.0cO/ 6
.OOCO/ .2~0000001. CA 0

-1 .Oco/ -. 99999999)c 01
3.OeO/
O.CeO/ (1)
0.OeO/J
l0.OeO/
1 *OCO/)

1 0(-0/ 2)
O.Oeo/r
O.OCO/I

.CcO/ 
(3

-1 CiO/I

2.OcO/)
I.OeO/
3.OeO/ ,

-1 .flQ,/ r (4)

6.Oco/
P. OeC-/ '

L&OCO/I

Execution Time -- 12 Seconds
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7. There are no EROR stops.

9. Input is from paper tape reader and output is from the paper tape punch.

10. Input and Output Formats

The first line of input contains the numbers defining M and N. This
is followed by the cost coefficients for the functional, one element
to a line. The coefficients for the slacks are entered first followed
by the coefficients for the non-slack variables. The cost coefficients
for the slacks are ordered according to the row position of the unit in
the unit column vector associated with that slack. The cost coefficients
are followed by the elements of the row vectors describing the coefficients
of the non-slack variables. These are ordered by vector in the same
order as the cost coefficients for these variables.

Within eacfi row vector the order is by restraint equation, so that k
within a vector is associated with restraint k. The row vectors asso-
ciated with the non-slack variables are followed by the column vectors
describing the right hand side. All elements defining the r.h.s. vector
must be greater than or equal to zero and all row vectors are entered
one element to a line.

Thus, for a program with M restraints and N non-slack variables, it
is required that M, N, (M+N) cost coefficients, and M row vactors, each
with M elements, be entered. Artificial slacks are handled by the
pricing out technique, that is, by associating with them as cost coeffi-
cients a positive nunber which is large relative to the other cost
coefficients so that the artificial slacks will be forced out of the
basis.
The computation, always minimizes. Therefore, to maxdmize a functional,
multiply the original functional by a minus one during set-up.

The output consists of an identified and value for each variable in
the optimal basic solution and the optimal value of the functional.
A slack is identified by an integer from 1 thru M where the integer
indicated the restraint associated with that slack. A non-slack
variable is identified by an integer from (M+1) thru (M+N) where the
integer is associated with the ordering of the inputs pertaining to
the variable. Thus the ordering of the cost coefficients for each
variable, slack and non-slack, determines the identifier for that
variable.
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C I.1[EITJ• 1'iOliUiJl 1SIN6 S3II.-'TI.X 1,.`T71OD
19 F1'. T I" I

D1I,2"iisl.Ol 1)(4531 )
31 COIITIIIrnm.

RMAD 19,M,N
14= N + 1

M1 4 M + 1
L =M+N
IA = Nl ' MI

I J = IA+ I
KA- IA+L
READ 20, (D(I), I =J,KA)
IB = M'NI
RMAD 20, (D(I), I=1,IB)
I IB +1
DO 29 J = I, IA

29 D(J) = 0.0
DO 2 I=1 IL
IX = KA + I

2 D(IX) = I
DO 25 I = 1,11
IC =(I-1 )'N
ID = IA + I
DO 25 J = 1, 111
IX = IC + J
TEMP = D(IX) ' D(ID)
IE = IB +J

25 D(IE) = D(IE) + ',DP
DO 28 J= 1,N
K J +M + IA
IE = IB + J

28 D(IE) =D(IE) -D(K)
18 TEIP= 0.0

L. = 0
DO 3 J =1,N
IE = IB +J
IF (D(IF) - T'E ) ,,

z4  1. -
TFMP = D(IE)

3 CONTITUE,
IF (L) 10,10,5

5 TEP = . 9999999E31
K-O
DO 6 1= I,M
Ic = (I-I ).' N1
ID = IC + L
IF ( D(TD) ) 6,6,3

8 IX = IC + NI
TEMPI = D(IX) / D(ID)
IF( TEMPI - rTv.. ) 9,6,6

9 iiw.- T=r.i.&,
K= I

6 coriTiNuJ
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IF (K) 10, 10, 11
10 IX. 30 1. I'M

IX --KA + I
J = D(IX)
PUNCHI 19, J
K13=(I-1 )'N1 +Nl
PUNCH 20,D(ICJ)

30 CONTINUE-
PUNCH 20, D(IA)
PAUSE 1111
GO TO 31

11 IX =K+KA
I - D(IX)
J = M+L
IX = J+KA
IY = K + KA
D(IY) = D(IX)
D(IX) = I
Do 12 I=1,N1
J =(I-1 )'N1 + L
IX = I + IA
D(IX) = D(J)

12 D(J)= 0.0
J = (K-1)'N1 + 1,
D(J) =1.0
DO 13 J =1,N1
JA=(K-1)'N1 J
IX = IA + K

13 D(JA) =D(JA) / D(IX)
Do 14 i=1A41

IF(K -I ) 15,14,15
15 Do 1U J=1,N1

JA=(I-1)' N1 + .J
JB-(K-1) 'NI + J
IX = IA + I
D(JA) - D(JA) -(D(JB) D(IX))

114 CONTINUE
Go To 18
END
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Jil.
IDENTIFICATION

Title: Equation Solver - Ident. AJ 1.01

Programmer: (Lockwood, Kessler and Bartlett, Inc.) September 1962

PURPOSE

This program will solve 30 linear equations with 30 unknowns. A modified
Gaussian Elimination Method is used. The program has the ability to output
the derived matrix before executing the back solution to solve for the
unknowns. This is accomplished by letting ike be 01. If the derived
matrix is not desired, let ike be 02.

The program outputs the final matrix, the element location, and the value;
i.e., A2 , 4 = 6628.44 would be output as 2 4 6628.44.

The value of the unknowns are elements A where i - 1,2,--n.i ,n'l

LIMITATIONS

The elements on the diagonal must not be zero.

EQUIPMENT AFFECTED

CDC 160-A, Flexowriter.

SOURCE PROGRAM

(See following page)

INPUT FORWiT

CR
SSNCR
DDDDD.DDCR
DDDDD.DDCR

DDDDD.DD

Where SS is the value for ike either 01 or 02
NN is number of unknowns
DDD.DD is the element. Elements are entered by rows.
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4. Source *'fl-1n

C DEZUATIO: VQLvar
100 for..=t(212)
101 forr~a(rf.2)
102 fox-=t(212,fa3.2)

25 rcnd 100,1kc,n
if (n-30 )2', 26, 27

26 -
nn-ni.1
do 1 iml,n
do 1 Ik-1,xu

1 rc~d 101,,Q.Ci,k)
9 in
19

±f( i-J)17, 17,18
18 m-

go to 19
17 if(n-J)4,4,3

8
5.

24 1~-1-
go to 5

23 if(n-k)7,7,6
6 k~.1k

£0 to8

Flo to 9
4 c0 to (21,20),lko

20 do 22 ±..1,n
do 22 J-lzi

22 Punch12,,c.i)
2-1 i-n-I
15 k-i.1

12 X..a(i,k)Sa(k,,nn)+xI

10 -l
g0 to 120

11 6lr)=inn-
it(i-1)13,13,14

14 m1
go to 15

1.3 do 16 i-1,n,l
do 16 J-1,rm,l

16 punch 0,,Jaij
eto.0

27 paugo 111
so to 25

end
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OPERATING PROCEDURE

(1) Load 160 FORTRAN A Compiler III
(2) Mount object program
(3) Clear and run
(4) Mount data tape
(5) Turn on punch
(6) Cycle run switch

Note: If NN .30 program will halt with 1111 displayed in a register.

Correct data tape and cycle run switch.

SAM4PLE INPUT7 SAMPLE OUT~PUT7

14
1.0o 1 1 1,00
1.00 1 2 1.00
1.00 1 3 1.00
1.00 1 4 1.00
5.00 1 5 1.00
1.00 2 1 .00

-1.00 2 2 1.00
1.00 2 3 .00
1.0o 2 4 .00
1,00 2 5 2.00
1.00 3 1 .00
2.00 3 2 .00

-1.00 3 3 1.00
1.00 3 4 .00
1.00 3 5 3.00
2.00 41 .00
1.00 42 .00
1.00 4 3 .00
1.00 4 4 1.oo
6.00 4 5 -1.00
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Ki.

IDE1TIFICATION
Title: Spiralled Way Alignment - Ident. AKI.OI
Programmer: (Lockwood, Kessler & Bartlett, Inc.), September 1962

I. Description of Problem

This program computes the alignment and curve data for a horizontal
alignment containing spirals and circular curves in any combination.

The alignment is defined by coordinates of the P. I.'s or by intersecting
the P. I. from coordinates of two known points and the bearings of the
P. I.

The curves are defined by the radius or degree of curve and the lengths
of the leading spiral and the trailing spiral.

Chord or arc definition may be used for degree of curve controlled by the
program (with use of a Jump switch setting on the computer).

Values of Radius below 50 feet are assumed to be degree of curve and

those values of 50 feet or above are used as radius of curve.

All descriptive headings are typed out to facilitate use of output data.

This program also computes the station and coordinates of all detail
points on the alignment.
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IL. Limitations

1. The number of curves which can be computed is
unlimited.

2. Output is provided via on-line typewriter.

3. Input is limited to tape produced on off-line
flexowrite r.

III. Accuracy

Input and output of distances and coordinates are limited
to 10 significant digits with a maximum of 4 decimal places.
Angles are rounded to the nearest 0. 01 of a second.

IV. Equipment Affected

1. 160-A with on-line typewriter.

2. Off-line flexowriter required to produce input data
tape.

V. Memory Allocation

Loc. 0000-0081 bin-cos s/r
0082-0157 Arctan sir
0158-0211 Square root s/r
0212-0309 P I Intersection
0310-0399 Bearing and angler typeout
0400-0527 Spiral Routine
0530-0551 Station typeout
0552-0661 Alpha Storage
0680-0799 Numeric & Temporary Storage
0800-1603 Main Program
1700-1713 Input Storage
1800-1813 Input Storage
1900-1913 Input Storage
1920-1937 Input Storage
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VL Operating Procedure

1. Margin and tabs
Margin at 20
All tabs down
Output paper at 12

2. Load Sicom

3. Place the program

4. Established typewriter input mode

5. Type 52 0000 /
Reads the program and stops

6. Jump switch 1
On for chord definition of degree of curve
Off for arc definition of degree of curve

7. Place Flexowriter input tape

8. Type x 01 0800 1
Rhads one block of input tape and computes

9. Output and stops at 5

10. For next problem
Cycle Run
Repeat from step 6

11. Error indications
(1) Program types "Spiral Overlap" and amount of

overlap in degrees, and stops at 3 which indicates
overlapping spirals on the curve.

(2) Program types "Curve Overlap" and amount of
overlap in feet, and stops at 4 which indicates
overlapping curves between PI's.

12. After inspection of error typeout computations may

be resumed by:
Cycle Run
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VII Description of Input

Job No. (up to 8 alpha characters)

Date (up to 16 alpha characters)

Station at beginning of increments (up to 10 digits)

Increments on'curves (up to 10 digits)

Increments on tangents (up to 10 digits)
If incremented stations are not required enter very large
numbers for botn curves and tangents.

North coordinate of origin point (up to 10 digits)
East coordinate of origin point (up to 10 digits)
Station of origin point (up to 10 digits)

For Each P I.

P I number (up to 8 alpha characters)
Radius or degree of curve (Rc or Dc)

Values below 50 are considered to be degree of curve
** Degree of curve entered as: DD. MMSSXX

Length of leading spiral (enter 0. if not used)
Length of trailing spiral (enter 0. if not used)
North coordinate of PI (if known)*
East coordinate of P I (if known)*

Repeat for each P I

* If P I coordinates are not known, enter in these locations
the coordinates of a point on tangent, the bearing to the P I,
the coordinates of a point on the next tangent an4 the bearing
to the P I.

The program willautomatically intersect the two tangents
and store the P I coordinates in proper locations.

To terminate the problem enter only the P I number.. (this
number will not be typed out) and the coordinates of the
terminus point.

**S Degree of curve may be either arc or chord definition.
(See operating instructions).



8 February 1963 4-159 TK-(L)-993

VIII. Dcscription of Output

This program will type tha following information:

1. Title of Program
2. Job No.

3. Date
4. Station and coordinates of origin and the bearing

to the first P. I.

5. Curve No. of the first curve and the bearing to
the next P. I.

6. Data for the leading spiral (if any)
7. Data for the trailing spiral (if any)
8. Curve Data for the circular portion of the curve

consisting of:
Radius (R)
Degree of Curve (Dc)

Internal Angle (Ic)
Length of Curve (Lc)

Tangent of Curve (Tc)
Chord Distance (Cc)
External (Ec)
Middle Ordinate (Mc)
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JOB NO. DT

PATE
-io lolthW- bay Year -

Sti. Baeg. oftIn~reme~nts 1!.rcIr)jS sf~f'AJ~tnzt..Qu.T~angeJxt0

O-R I G I N

OR TH EAST STATION

P1N.1:-- Dc
1

Ls Ls' NRT''-ýrS rrRj OT EAST G nARIg

... 286 Y.77 3So0 3SO. SV122o 76/ 18IY903 37 1. . H
2 38t2 01 7Z 5 .75-70 1/61051.018

.3 I ~5/ 7051 25/ 181707.978 ..

. ..... .....

L 0
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JLr.ORITEFR TAPr PWPARA.TI0N

;MX 02 JOS No.

;Sept. 1 1962 qro
76500. .SrA. 811IVN Oi'

200. INICRvEA4AT ONJ CURVE-,

500. VP eC CAOr#v

5,"9634-956 )Q'j P./ *6 .1

1815553-618 J%

76198.96 ,. -s -rq riov~

2864.79 RAIeUow OF Cu~ve

350. -RlvqSIR

541 220.761 Y Coe P

1614903.376 X"1

/; A .r w

3819.72 A030- uvi

0. TV94/ý

544771.57 Y COO/ED P .P. X

1816081.018 .

/; 3
547051.251 ycooO

1815707.978
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520000/xolo8oo/

ALZGNMENT

Job N! LIB 02

Date Sept. 1 1962
ORIGIN STATION NORTH EAST BEARING761+98.960 539634.9560 1815553.6180 N 22 17' 43.96 w
CURVE N-0 1 N 18o 2o' 54.01 E
LEADING SPIRALL3- 350.0000 p - 1.7814 k - 174.9782 x. 349.8694 7.1248LT- 233.3789 ST, 116.7081 LC- 349.9419 0- 3* 30' .00 . " 9' 59.87
TRAILING SPIRALLs- 350.0000 p, 1.7814 k a 174.9782 x- 349.8694 7.12481T- 233-3789 ST. 116.7081 LC- 349.9419 0. 3" 30' .00 6. 1" 9' 59.87

CIRCULAR CURVER, 2864.7900 Dc , 2" 00' .00 Ic- 330 38' 37.99 Lo- 1682-.1948 To- 866.1283Cc- 1658.1312 Ec - 128.0681 Me- 122.5879Ts. 1236.6033 Ta', 1236.6033 I - 400 38' 37.98
POINT STATION NORM EASTP-I 779+12.901 541220.7610 1814903.3760T-S 766+76.297 540076.6071 1815372.5240S-C 770+26.297 540403.0231 1815246.3810C-S 787+ 8.492 542060.1707 1815189.2770S-T 790+58.492 542394.4957 1815292.6500

CEER OF CURVE 541326.0358 1817958.4040
ON TAxGENT 765+00.000 539913.4900 1815439.4080ON SPIRAL 768+00.000 540191.1805 1815325.885077O+00.000 540378.1664 1815254.9650ON CURVE 772+00.000 540569.0585 1815195.4330774+00.000 540763.6375 1815149.3600776+00.000 540960.9564 1815116.9720

778+00.000 541160.0540 1815098.4270
780+00.000 541359.9602 1815093.8150
782+00.000 541559.7011 1815103.1590784+00.OQO 541758.3037 1815126.4140786+00.000 541954.8002 1815163.4660ON SPIRAL 788+00.000 542148.2689 1815214.0120
790+00.000 542338.9669 1815274.2690
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URVE N-0 2 N 9" 17' 36.o2 w

CIRCULAR CJRVE
R - 3819.7200 Dc - l' 30' .00 Ie- 27" 38' 30.04 Low 142.7791 To. 939.686U
Cc- 1824.9602 Ec - 113.8879 Mc- 110.5905
Tsm 939.686%4 To'- 939.6864 I - 27* 36' 30.04

P0INT STATION NORTH EAST
P-I 815+62.889 514771.5700 1816o81.o18o
P-C 806+23.203 543879.6570 1815785.2110
P-T 824465.982 545698.9226 1815929.2690

E"Z O OF CURVE 545082.07914 1812159.6850

ON TANGT 795+00.000 544353.9769 1815942.5210
800+00.000 544628.5570 1816o99.918o
805+00.000 545303.1372 1816257.3150

ON CURVE 810+00.000 514242.5637 1815886.0060
812+00.000 544438.7348 1815924.8370
814+O0.000 544636.6692 1815953.3470
816+00.000 544835.8245 1815971.1-4580
818+00.000 545035.6547 1815979.1230
820+00.000 545235.6122 1815976.3180
822+.00000 545435.1489 1815963.0520
821+.0.000 545633.7178 1815939.3610

ON TAN0EIT 825+00.000 545732.149o0 1815923.7750
830+00.000 546225.9313 1815843.0310
835+00.000 546719.3685 1815762.2860

TERMINAL 838+36.•297 547051.2510 1815707.9780
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Ki.

IDENTIFICATION
Title: Traverse Adjustment - Ident. AKl.02
Programmer: (Lockwood, Kessler & Bartlett, Inc.), May 1962

1. Description of Problem

For this program, a traverse is defined as a series of measured distances
and directions, starting from a point of known coordinates, and terminating
at a point of known coordinates.

The program provides for the output of either the unadjusted or adjusted
traverse (according to Compass Rule).

Input of directions can be in the form of either bearings or north
azimuths, and output of directions, regardless of input, can be either
bearings or north azimuths.

The computed precision, length of traverse, Y error, X error and resultant
error are printed first, giving the user the option of examining the results
and interrupting computations if necessary.

The program provides alphanumeric identification and column headings.

The program computes the area in square feet and acres of the unadjusted
traverse. The area is printed at the end of the unadjusted output.

2. Accuracy

The program accepts distances and coordinates accurate to 0.001 units
and direction angles accurate to 0.01 seconds.

The computed distances and coordinates are rounded to 0.001 !units, and
the angles are rounded to 0.01+ seconds.

3. Limitations

The traverse may contain 200 maximum courses and may be in any one of the
four quadrants.

All input is via Flexowriter tape.



8 February 1963 4-165 7%-(L)-993

1. Description of Problem

For this program, a traverse is defined as a series of
measured distances and directions, starting from.a point
of known coordinates, and terminating at a point of known
coordinates.

The program provides for the output of either the unadjusted
or adjusted traverse (according to Compass Rule).

Input of directions can be in the form of either bearings or
north azimuths, and output of directions, regardless of
input, can be either bearings or north azimuths.

The computed precision, length of traverse, Y error, X
error and resultant* error are printed first, giving the user
the option of examining the results and interrupting com-
putations if necessary.

The program provides alphanumeric identification and column
headings.

The program computes the area in square feet and acres of
the unadjusted traverse. The area is printed at the end of
the unadjusted output.

Z. Accuracy

The program accepts distances and coordinates accurate to
0. 001 units and direction angles accurate to 0. 01 seconds.

The computed distances and coordinates are rounded to
0. 001 * units, and the angles are rounded to 0. 01 * seconds.

3. Limitations

The traverse may contain 200 maximum courses and may
be in any one of the four quadrants.

All input is via Flexowriter tape.
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4. Equipment Affected

C D C 160-A, 161
Flexowrite r

5. Memory Allocation

Loc 0000 - 0081 Sin-cos s/r
0082 - 0157 Arctan s/r
0158 - 0211 Square root sir
0212 - 0229 Station Typeout routine
0230 - 0266 Bearing to azimuth routine
0267 - 0353 Bearing-angle output routine
0354 - 0401 Temporary storage
0402 - 0437 Alpha storage
0438 - 0465 Input storage
0466 - 0499 Temporary storage
0500 - 0734 Main program
0800 - 1998 Input storage
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6. Operating Procedure

(1) Margin and tabs
Margin at 20
Every other tab down
Output paper at 10

(2) Load Sicom-A (May 1962)

(3) Place the program

(4) Establish typewriter input mode

(5) Type
52 0000 /

Reads the program and stops

(6) Jump switch 1
On for punch output (punch on)
Off for type output

(7) Jump switch 2
On for adjusted traverse
Off for unadjusted traverse

(8) Place Flexowriter input tape

(9) Type
x 01 0500 /

Reads the data tape and computes

(10) Output
Stops at 4 for unadjusted traverse
Stops at 3 for adjusted traverse

(11) For the next problem
Cycle Run (stops at 5)
Cycle Run again (halts)

Repeat from step (6)
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7. Description of Input and Outp.u...t

Input is prepared on off-line Flexowriter.

Job number, traverse number, Y code, X code, point No.
of 1st point, and all other point numbers (as identification)
are entered as one alpha word. Date is entered as two
alpha words.

Computation time is approximately 2 1/2 seconds per course
for punch output and 12 seconds per course for typewriter

Output,
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/j! =Cc 2311-35J CR lot Point Nto. - /00 Olt sMz'r or /
1T-Arso iUo re..v Aq CR T/o on 36/20/.Y CR Pi AO_______

,Av4,.3 /t 62 CR LX Int Pait H 53SV23.so8 VCO
-i/0 Codo 12 21 CR T Lnt Point., = 6 Cn PCHM Moe

ltri Sta. ýýi S 34'56 CR8 X ci n p5 08o V/31 Cu/
SouthHat CR (Z -n i0 Off VIATMs1 AJUSrM!IT
7) CR

ot CR Output? 1 2)po SJ #1 On
1/0 Coda 1-Bemrion2-Axiutb Z No sJ 2 Off C4A5RU?3
Ox,4 Code 10N /d4stOMeA7t? Too SJ $2 On

- Point No. Diotance Direction 1(., "O0 j0. Distance Direction

2 ~ ~ ks A-0 6/V

S- 7 00 .5
5 S~ Y'3.,03/ 326,' /0o_ _ _ _ __ _ _ _ _ _ _

10 ________ ________
-- I_--. -. .. ... ... 7l.... . ._ i _ _ _ _

14 _6-4 ".-. -. .

1,6 , ___66 ,
__ 

I

L29 , -69 2
20 •7

-Z 4 . , .i.73 
... . . . .. . . . . 1

22~-4 .,.762

2..9............. -_ .... .
__ __ __ _ ,__ __ _ 81 ,I'

2._ t_ -.. . .... .... 6...__._..__ _ _

____!_ _ ,_ __ +_ - 815 . ......... ._________.--- 8..3 .. .. .....

-1 2 , _ .__ _ _ __._ ___ _ _ __.. .. ._ _ _f84
r _ _.. . . .... . . . ._ 1 1 .
4

,4 -
93

51' 
100

"•'1-n .....
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7CUMMR= UnP PIWARX ON

u1234.-5 J 08 NOG

;M~V A DhrN

;AUG. 13 1962

11. iijpurT- &vrpun- CODE'

34567.89 kri -rol

;EAST COONr"S,7A~

1361201.345 . CooR.O

635425-584 x'pi.'~N

1359342.865 'f ecoiq9 - PoiNT N'o

635508.431

/;A-101 .. ova Pow-INT.Jo

966.64.8

255.3515 SCP40V

;A-102 .3 20 Po.'.r No

503.215 D16"ANC

324.4236 BEEN ro ,N-

;A-103

453.171

335.52

;A-104 TA1NL POINT NO

543.031 bsnc

326.041 BEPZN m rwiwh 7ZmmI w7
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SAaLE ajTpUT

x010500/

Job N- 1234-5 Date AUG. 13 3962

UXADJUST TRAVERSE N! TRAV A

PaELGSIOT Y M0R x EMoR DIST.MOR

20753,834 2466.o65 .017 .117 .118

N± STATbON DISTANCE DIRECTION NCRTH EAST POne

1 345 +67.890 1361201.345 635425.584 A-100966.648 S 55"35 '15.00 E
2 355 +34.538 1360655.048 636223.059 A-101

503.215 S 24"42 '36.00 W
3 360 +37.753 1360197.910 636012.702 A-102

453.171 S 35'52 ' .00 W4 364 +90.924 1359830.668 635747.189 A-303
543.031 S 26" 4 '10.00 W

5 370 +33.955 1359342.884 63508.5849 A-104

area
sq.ft. 4366.500
acres .100

x010500/

Job N- 1234-5 Date AuG. 13 3962

ADJUSTED TRAVRSE A TRAV A

PRECISION LEN=• Y ERRC ~ X ERO D1ST.EMCIR

20753.834 2466.o65 .017 .117 .118

N1 STATION DISTANCE DIECTI0N NCTH EANT POINT

1 345 +67.890 1361201.345 635425.584 A-100966.613 S 55*35 ' 8.23 E
2 355 +34.504 1360655.041 636223.013 A-101503.228 s 24"42 '44.31 w
3 360 +37.732 1360197.899 636012.632 A-302453.186 S 35"52 ' 7.11 W
4 364 +90.918 1359830.654 635747.098 A-103

543.o45 s 26" 4 '18.18 W5 370 +33.964 1359342.866 635508.431. A-104
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K1.

IDENTIFICATION
Title: Lines and Circle - Ident. AKl.03
Programmer: (Lockwood, Kessler & Bartlett, Inc.), August 19,62

I. Statemtne of Problem

This program consists of the following five independent parts. The known
data may be located in any of 4 quadrants.

Part I Intersections of Two Lines

The coordinates of two points are given to define the slope of each
straight line. It is required to compute; (i) the coordinates of inter-
section of two lines, and (2) distances from each given point to the
intersection.

Part II Intersection of Line and Circle

The coordinates of two points on a straight line, the coordinates of the
center of a circle, and the radius of the circle are given. It is required
to determine the coordinates of the intersections of the line and circle.

Part III Distance and Bearing

The coordinates of two points on a straight line are known. It is required
to compute; (1) the distance between the two points, and (2) the bearing
of the line.

Part IV Height of Triangle

The coordinates of three corners of a triangle are given. It is required
to determine, (1) the height of triangle, and (2) the distance from first
corner to the foot of perpendicular.

Part V Tangent, Arc, and Segment

The radius of a circle and the angle at the center of the circle are given.
It is required to compute, (1) the tangent distance, (2) the arc length,
and (3) the area of segment.
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II. Limitations

1. The input data with proper mathematical signs, for
all five parts, may be located in any one of four quadrants.

2. Part II: When there is no intersection of the given line.
and circle, the radius of the circle will be typed out
as an error indication.

3. Part III: The interior angle I at the center of a circle
must be less than 180%.

III. Equipment Affected

CDC 160-A
CDC 161
Flexowrite r

IV. Memory Allocation

1000 - 1007 All Parts
1008 - 1069 Part I
1070 - 1099 Part II
1100 - 1117 Input all Parts
1118 - 1119 Constant
11ZO - 1161 Part II
1162 - 1183 Part III
1184 - 1306 Part IV
1307 - 1335 Part V
1336 - 1349 Constants and intermediate storage
1350 - 1381 All Parts
1400 - 1482 Sin-cos s/r
1500 - 1559 Angle conversion s/r
1600 - 1645 Radius to Bearing s/r
1700 - 1776 Arctan s/r
1800 - 1854 Square root s/r

1000 - 1854 Program Tape
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V. Description of Input Data

An angle as the input data is entered as degrees, minutes
and seconds with degrees as integers, in the following form:

DDD. MMSSXX

Computation time will not exceed more than five seconds for
any Part.

Part I: Intersection of two Lines
Loc. 1100 yl Coordinate on lst line

1102 X1 I
1104 Y2 "

1106 x2 "
1104 Y3 Coordinate on 2nd line
1110 x3 "

1112 Y4
1114 x4

Part II: intersection of Line and Circle
Loc. 1100 71 Coordinate on a line

1102 x1
1104 y 2
1106 x 2  "
1108 yc Coordinate of the center
1110 xc "
1112 R Radius of the circle

Part III: Distance and Bearing
Loc. 1100 yj Coordinate of 1st point

1104 yZ Coordinate of 2nd point
1106 xz "

Part IV: Height of Triangle
Loc. 1100 Yl Coordinate of 1st corner

1'102 x, "
1104 y2 Coordinate of 2nd corner
1106 x2 "
1108 Y3 Coordinate of 3rd corner
1110 X3 "
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Part V: Tangent, Arc, and Segment
Loc. 1100 R. Radius of circle in ft.

1102 I Interior angle

VI. Description of Output Data

Part I: Intersection of two lines

N E Coordinates of intersection

dI Distance from Ist point to intersection on first line
d2 Distance from 2nd point to intersection on first line
dl+ d2  Distance from 1st to 2nd point on first line

d3 Distance from 3rd point to intersection on second line
d4 Distance from 4th point to intersection on second line
d3 + d4  Distance from 3rd to 4th point on first line

Part II: Intersection of Line and Circle

N' E' Coordinates of one intersection

N" E" Coordinates of other intersection

Part III: Distance and Bearing

d N DD MM SS E

Part IV: Height of Triangle

h 1 b-i

h Perpendicular distance from 3rd corner to base
1 = Distance from 1st corner to foot of perpendicular
b = Distance from 1st corner to second corner

Part V: Tangent. Arc and Segment

T L A

T = Tangent length
L = Arc length
A = Segment area in sq. ft.
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VIL Operating Procedure

1. Margin and tabs
(1) Margin at 20
(2) All tabs down
(3) Paper at 0

2. Load Sicom

3. Place the program tape

4. Input mode?
(1) Flex input,

Cycle Run to read the program (Stop 3)
(2) Type input,

11/ to read the program (Stop 3)

5. Jump switch 2
(1) On for type output
(2) Off for Flex output (punch on)

6. Jump switch 1
(1) On for type input, go to step 7
(2) Off for Flex input, go to step 10

(Provide 5/ at the end of thi tape)

7. Cycle Run (halts for type input)

8. Type input data (1100 - 1114)
Type / after the last tab or CR for each solution.

9. Output of each solution
Repeat from step 8

10. Cycle Run (for Flex input)

11. Reads the Flex input tape and output for each solution.

12. To alter the condition of input or output mode for the next
solution, change positions of switch I or 2 as in steps 5
and 6 during computations.
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VIII. Sample Input

Part I: Intersection of Two Lines

221053. 462 189725. 723
220355. 616 190441. 971
220004. 625 189804. 966
220983.902 190941. 195
0. /

Part I1: Intersection of Line and Circle

20679 1. 463 290535. 797
204302. 986 290775. 556
205468. 028 290520. 962

1165.920 0.

Part III: Distance and Bearing

395326.986 640001. 947
396178. 421 640646. 194
0. /

Part IV: Height of Triangle

919904. 111 634350. 135
920112. 1 634206. 425
920172. 861 634467. 323
0. /

Part V: Tangent, Arc and Segment

475. 11. 1137
0. /
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IX. Sample Output

Part I: Intersection of Two Lines

220460. 690 190334. 126

849.431
150. 569

1000. 000

698. 574
801.426

1500. 000

Part II: Intersections of Line and Circle

204329.672 290772. 985

206633. 561 290551.011

Part III: Distance and Bearing

1067.706 N 37 06 48 E

Part IV: Height of Triangle

249. 184 154. 488 98. 320

Part V: Tangent. Arc and Segment

46.547 92. 799 139.933
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Ki.
IDENTIFICATION

Title: Transformation of Coordinates - Ident AKI.04
Programmer: (Lockwood, Kessler & Bartlett, Inc.), September 1962

I. Statement of Problem

This program will rotate and translate the coordinate of a series of
poiits which define an enclosed area of traverse, compute the bearings
and distances between these points, and find the area enclosed.

The input consists of the angle of rotation between the given system
and the desired system, the x and y coordinates of the starting point
in the desired system, and the x and y coordinates of each point in the
given system.

II. Limitations

1. The number of points which can be computed is limited to 198.
2. Angle of rotation may be clockwise or counter clockwise, up to 3600.

III. Accuracy

Input and output of distances and coordinates are limited to 10 signifi-
cant digits with a maximum of 4 decimal places. Angles are computed
to 0.01 decimal places.

IV. Equipment Affected

1. 160-A with on line typewriter.
2. An off-line flexowriter may be used for input or output.

V. Memory Allocation

Loc 0000-0081 Sin-cos s/r
0184-0237 Square root s/r
o239-o314 Arctan s/r
0318-0319 Alpha storage
0320-0331 Input storage
0332-0343 Temporary storage
0344-0351 Input storage
0352-0389 Alpha storage
0394-0399 Numeric storage
0o400-745 Main program
0800-1999 Input storage
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(3) Input data that is repeated for each solution

a. Parcel number (up to 8 alpha characters) CR/
b. Angle of rotation;

if clockwise
- 'if counter clockwise (up to 10 digits) CR

c. y coordinate of starting point in the desired system.
(up to 10 digits) CR

d. x coordinate of starting point in the desired systems
(up to 10 digits) CR

e. Identification number of point (up to 8 alpha characters,
but not more than 6 spaces, if less fill field of 6 with
space code) CR

f. y coordinate of first point to be transformed (up to 10
digits) CR

g. x coordinate of first point to be transformed (up to 10
digits) CR

(4) Repeat steps e., f., and g., for each succeeding point.

(5) After type-in of last x coordinate

1. type 0. CR
2. type O. CR

Program computes solution and returns to type-in state ready
for entry of data at step (3) for next solution.

7. Program halts

(1) End of solutions (For flex tape input)
1. Selective Stop 2 on will cause program to halt after

each solution
2. 5 / on tape after last input data will halt computations

(For type input)
1. Program halts at end of each solution (see step 6. (5)).

(2) Error alarm halt
1. Stop 4 is used to indicate number of points limit has

been exceeded.
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VI. Operating Procedure

1. Margin and tabs
(i) Margin at 15
(2) All tabs down
(3) Paper at 0

2. Load Sicom and set type in mode.

3. Load program
(1) Type 52 0000 / (reads program and stops)
(2) Type x 010400 / (stops at 4)
(3) Set Selective Jump 2 on

4. Set input mode

(1) For flex tape innut: Selective
Jump I off and place input data tape on photo-reader.

(2) For typewriter input: Selective
Jump 1 on

(3) For input verification: Selective
Jump 4 on

5. Set output mode

(1) For typewriter output: program is now set
(2) For tape output:

1. Master clear and cycle run
2. Type 12/
3. Type x 010413 / (stop 4)

6. Read input and compute

(1) Cycle run
A. For flex tape input; program reads tape for one solution

and computes. Input form of tape is the same as that
described below for type input.

B. For typewriter input (with Selective Jump 4 off)

(2) Input for first parcel only; program stores this data for use
with succeeding solutions
Type

1. Previous Area (up to 10 digits) CR
2. Job number and date (up to 24 alpha characters) CR /
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xOiO!CO0/

PAZ'CEL •0. 77 JOIP NO. .915C.-O Sept 25 1962
P0I:' BELIX!NG DISTA.ACE Y CcOI0:7.C.,I'E X coor0DI'j E
73.5 6912.6790 38843.86407.5N 7 58 49.10 W 123.4557 . 38.6O
74.2 7034.9391 38826.7243S 63 19 21.03 2 98.6535
77.1 9871 535 37

S 17 18 19.01 E 499.999 65915142 39 .239977.2 6114.1478 39857.9713S 81 40 39.95 W 1000.000276.2e5 6 .0 6 3 8 8 5 1
N 1 29 46.23 W 943.593176.2a 6912.6790 38843.8640

73.5 6912.6790 388M3.8640

AREA so. ft. acres
701267.5800 16.09o8
701267.5800 16.0988
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K2.

IEENTIFICATION

Title: Single Profile - Ident. AK2.01
Programmer: (Lockwood, Kessler & Bartlett Inc.), November 1962

I. Statement of Problem

Given basic data to define the vertical alignment of a highway the program
will compute all the required data and elevations at even incremented
stations.

The program is divided into two parts. The first part computes grades,
PVI stations and elevations, vertical curve lengths and stopping sight
distance for the selected curve.

The program will stop after computing part I to allow any change to be
made before beginning part II.

Part II computes the elevation at incremented stations. The increment on
vertical tangents may differ from the increment on vertical curves. In
addition to evenly incremented stations the program will compute and
type out the high points and low points on the curve, the elevation of
odd stations not covered by the increments, the Middle Correction at each
PVI and all other data required to fully define a highway profile.

The grades and elevations can either be rounded or unrounded as required.
Appropriate errors alarms are built into the program with proper identi-
fication.

II. Limitations

1. The maximum number of PVI's is 33.

2. All elevations must be entered as being above zero.

3. The maximum number of "Odd Stations" is 49.

4. The starting point must be on tangent.

5. Except for Sight Dist. this program will work in Metric System.
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III. Accuracy

1. Grades are rounded to the nearest 0. 01' or when
unrounded are carried as 10 significant digits.

2. Elevations are rounded to nearest 0. 01'.

3. Vertical Curves are rounded upward to next 50' when
total length is under 1000'. When length is over 1000',
curves are rounded upward to next 100'.

IV. Equipment Affected

CDC 160-A
CDC 161 (Typewriter)
Flexowriter

V. Memory Allocation

0000 - 0002 Program
0005 - 0059 Sq. Rt. Subroutine
0060 - 0117 Program Subroutines
0125 - 0199 Main Program Part I
0200 - 0267 Alpha Storage
0300 - 0493 Main Program Part I
0496 - 0886 Main Program Part II
1370 - 1399 Temporary Storage
1400 - 1499 Input Storage (Odd Sta.)
1500 - 1773 Storage
1774 . 1799 Input Storage (Starting Block)

1800 - 1999 Input Storage (PVI Data)

0000 - 0886 Program Tape
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VI. Description of Input Data

Initial Data:

1774 Job No: Alpha-numeric identification of Job, up to
8 characters.

1776 Date: Up to 16 alpha-numeric characters but
more than 8.

1780 K Crest: The lengths of curves are computed by
L = K A, where A is the algebraic differ-
ence in grades. Enter the proper constant,
based on design speed if the program is to
compute length of curve. Enter any No. if
the lengths are given.

1782 K Sag: See description above.
1784 Max. Grade: The program distinguishes between entered

grades or elevations by comparing with
this value. Any number greater than this
value is assumed to be an elevation.

1786 Start Typeout: The program will not output any incremented
stations until this station is reached. Enter
a rounded station.

1788 Inc. on Tang.: Stations and elevations on vertical tangents
will be output at this interval.

1790 Inc. on Curvei: Stations and elevations on vertical curves
will be output at this interval.

1792 Stop Type Out: The program will stop output when this
station is reached.

1794 Starting Station: Station at which profile begins.
1796 Starting Eleva-

tion: Elevation of beginning of profile.

Note: The starting point must be on a vertical tangent.

1798 Add Constant to
Elevation: This value will be added to all elevations.

The ability to add (or subtract) a constant
allows the user to run u parallel profile
by changing just one value.
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PVI Data:

1800 Station of PVI: Enter zero if the station is to be
computed by intersecting two grades.
(see sample problems)

1802 Elevation or
Grade: The program accepts either elcvations in

feet or grades in %. All values less than
the value in loc 1784 are assumed to be
grades. Enter a negative elevation when
it is necessary to hold the elevation regard-
less of the rounding of the grades.
(see sample)

Note: When working with elevations near zero, it is necessary
to add a constant to all input elevations and then enter
the negative of the constant in Ioc 1798. The final
elevations output will be the correct values. This
same procedure will work when working with negative
elevations. (Do not use negative elevations as input
except as noted above. )

1804 Vertical Curve: Enter length of vcrtical curve if known.
Enter -1. if the program is to compute
the proper length of curve.
(See loc 1780 and 1782)

Enter up to a total of 33 PVI's in a
sinmilar manner.

Note: For last point, enter only the station and elevation then
/ (slash)

Odd Stations:

1400 - 1496 Enter up to 49 Odd Stations
If there are no odd stations enter 0. CR1
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VII. Description of Odtput Data

The output is in two parts.Part I types the curve data in the
following form:

Tab No. , Grade to PVI, Station, Elevation, Curve length and
Sight distance.

Part II computes and outputs the incremented stations and the
corresponding elevations. Odd stations, highpoints, lowpoints
and all curve data required to define the vertical profile are
also output.

VIII. Special Storage

A. Storage of values computed in Part I

No. Station Elevation G rade V.C.
0 1500 1502' 1504 1506
1 1508 1510 1512 1514
2 1516 1518 1520 1522

33 1766 1768 1770 1772

Location= No. x 8 + (ADDRof No. 0).

Example: The location of the elevation of the 10th PVI 10 x 8 + 1502 1582

B. Special Locations

(1) Loc 0060 Station typeout format, 42 0602
(2) Loc 0064 Elev. and NIC typeout format, 42 0602
(3) Loc 0068 Elev. typcout format, 42 0602
(4) Loc 0072 Curve and sight distance typeout format, 42 0600
(5) Loc 0076 Grade typeout format, 42 0604
(6) Loc 0228 Contains the limit by which the elevations may vary.

See Operating Procedure, Steps 21 & 22
The constant 0. 01 is stored in this location.
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(7) Loc 0254 This location contains the length of curve above
*,hich the computed lengths are rounded upwards by 100'
rather than 50'. The constant 1000 is stored in this location.

Example: If the program computes a length of curve of 907'
it will round to 950'. If the computed curve is 1120' the pro-
gram will round to 1200'.

(8) Loc 0256 Contains, the station, elevation and grade round off.
The constant 0. 005 is stored.
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IX. Operating Procedtdre

1. Margin and tabs
(1) Margin at 15
(2) All tabs set

(3) Paper at 0

2. Load Sicom and establish th6 type input mode

3. Place the program tape

4. Read the program
52 0000 / (halts)

5. Stop switch 1
(1) On to stop for corrections after reading input tape

(2). Off to continue computations

6. Stop switch 2

(1) On to stop after computations but before typeout of Part I
(2) Off to typeout of Part I

7. Jump switch 2
(1) On for non-rounding of grades and elevations
(2) Off for rounding to nearest 0. 01

8. Place Flex input tape and type x 01 0000 / (Stop 3)

Part I

9. Cycle Run (to read the input tape and compute)

10. Stop 1 for correction?
(1) No correction

Cycle Run to continue
(2) Correct the data

(a) Clear and Run
(b) 50 ADDR /
(c) Type corrections
(d) Resume computations x 01 0001 /
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11. Stop 2 to eliminate Part I?
(1) To type out Part I

Cycle Run
(2) To by-pass type out of Part I

(a) Clear and Run
(b) Go to step 13 and to step 14 (3)

12. Output of Part I (Stop 3)

Part II

13. Jump Switch I
(1) On for Flex output of Part II

(turn on punch)
(2) Off for type output of Part II

14. To change any computed values of Part I, if not go to step 15
(1) Clear and Run
(2) 50 ADDR /

(See the list of Special Storage)
(3) Compute Part In

x 01 0002 /
Go to Step 16

15. Cycle Run (to compute Part II)

16. Output of Part II (halts after final station and elevation)

17. For next solution, repeat from Step 5

18. "ERROR too many PVI's" (Stop 4)
When this indication is typed out, revise input data and start again.

(1) Clear and Run
(Z) Repeat from Step 5

19. "ERROR too many Odd Station's" (Stop 4)
When this indication is typed out, remove excess odd stations and
start again.

(1) Clear and Run
(2) Repeat from 5
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20. "Curve Overlap" (Stop 4)
Part I will type out the amount of overlap, when one curve
overlaps the previous curve.

(1) Repeat from step 14, or
(2) Cycle Run to continue

21. "ERROR" in PVI Elevation (Stop 4)
If the elevation computed in part II for the PVI does not agree
within previously defined limits with the PVI elevation, the
amount of discrepency is typed out labeled ERROR.
Cycle Run to resume computations.

22. "ERROR" in PVT Elevation (Stop 4)
The PVT elevation is computed two different ways. If they do
not agree, the same error indication as above is typed out.
Cycle Run to resume computations.

23. Stop 4
The Stop 4 is provided for other errors without error typeout.

Check input data carefully and try again.
(1) Clear and Run
(2) Repeat from Step 5
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F LEXOV WRITER INPUT DESCRIPTION OF INPUT

L3 Uj oJob No.
.13 1X Date

5'):). K Crest
130. K Sag

Max Grade
150003. Start Typeout
10~0'. Inc on Tang.

Inc on Curve
Stop Typeout

14971.71 Start Station
,0C4.85 Start Elev.
0. Add Constant
149941.71 PVI Sta.
205.10 5. Elev.
3oo. v C
152150. Sta.
226." EL
-1. V C (Computer to Design Curve)
155900. Sta.
-3. Grade
500. V C
0. Sta. (Computer to intersect PVI Sta)
.5 Grade (to PVI)3o0. V C
o.
-. 5 Grade (From PVI)
0.
16P1i00. Sta.
113.6 Elev. (Elev. Must be given for PVI after Intersection)
300. VC
162150. Sta.
-119.!'5 Elev. (The - Sign means this Elov. Must be held)
/15-..iC4. 52.3
15M'77.6:!4 Odd Station
156C.5•5.,51
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Part I

,T-.-!,. F! U- 05

0 ^J99..J 04.85
i. 000203.5

i. 0-0 1n 0. 0 ".10 1300 2, D (33
5 -00J.~90aO 1i. 60 3Y0 3

- 11500 ]JA-2J20e. 00 11.5 D~

.!3: 6.250-00 119 - 5

4
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Part HI
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Ki4.

IDWNIPICATION
Title: Composite Beams - Ident. AK4.01
Programmer: (Lockwood, Kessler & Bartlett, Inc.), September 1962

1. Description of Problem

This program has been developed to design interior or exterior steel
beams for simple span highway bridges. Basically, the program is
divided into two parts. The first part computes a solution for
interior beams; the second part computes a solution for fascia or
exterior beams. Each part may te run independently of the other. Pro-
vision can be made to use this program for selecting "built-up sections"
as well as rolled shapes.

These programs store the properties of all wide flange shapes from a
30WF 108 to a 36WF 300 inclusive, together with various combinations
of bottom cover plates. These stored properties are the cover plate
width, cover plate thickness, beam depth, beam area and moment of
inertia of beams. The 160-A Computer automatically tests each beam
and chooses one or more that wiln satisfy the design criteria. Since
several satisfactory solutions may be obtained for each problem, the
engineer may base his final selection on the total weight of beam which
is one of the output items.

2. Limitations

The span length must be greater than 40 feet.

This program will handle "simple" spans only.

This program does not have the provision to handle a top cover plate
or concrete haunch.

3. Equipment Affected

CDC 160-A, 161
Flezowriter
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4. Memory Allocation

Loa 0046-0099 Square Root
0100-0611 Interior program
0612-1199 Fascia program

1200-1245 Beam table storage
1246-1247 Alpha storage
1248-1279 Constants
1-280-1291 Fascia program
1292-1299 Fascia program
1300-1345 Beam table storage
1346-1347 Alpha storage
1348-1399 Input storage
1400-1445 Beam table storage
1446-1447 Alpha storage
1448-1499 Temporary storage
1500-1545 Beam table storage
1546-1547 Alpha storage
1548-1599 Temporary storage
1600-1645 Beam table storage
1646-1647 Constant
1648-1699 Temporary storage
1700-1745 Beam table storage
1746-1747 Constant
1748-1799 Alpha storage
1800-1845 Beam table storage
1846-1847 Constant
1848-1865 Alpha storage
1866-1899 Fascia program
1900-1945 Beam table storage
1946-1947 Constant
1948-1999 Fascia program
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5. Operating Procedure

(1) Margin and Tabs
M4argin at -15
Tabs at 26,38,41,42,43,51,64,77,90,105

(2) Load SICOM
3) Establish Typeworiter 1/0 Mode
4) Mount Program Tape
5) Type 520046/

Reads Program and Stops
(6) Type 501348/

Enter Input Data per Input Sheet
(7) When Last Input item has been Intered

Type X010100/ for Interior
Calculations or X010612/ for Fascia
Calculation

Notes:

1. Program Stops

4) If all the stored beams are tried and none are
satisfactory or if only two are satisfactory and
five solutions have been asked for, the computer
will print "Exceed Table".

b) If the ratio of the span in inches to the depth
of the composite beam is greater than 25, the
computer will print "Too Big F;'.

c) If the ratio of the span in inches to the depth
of steel is greater than 30, the computer will
print "Too Big F".

d) If the stringer spacing exceeds 14 feet, the
computer will print "Too Big MlI" and halt.

2. The number of solutions per problem (now set at 5)
may be changed as follows;

a) Interior beams
Change location 0106 to 0 14 00 DR

b) Fascia beams
Change location 0618 to 0 14 00 DR where
DR equals 1 less than the number of desired
solutions.
ie. For 3 solutions DR - 02

For 1 solution DR - 00
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3. To compute for a specific beam size (i.e. to keep
fascia depths equal) proceed as follows:

a) Interior beams
Change location 0108 to 1 12 00 DR

0111 to 2 02 00 DR
b) Fascia bca=s

Change location 0620 to 1 12 00 DR
0623 to 2 02 00 DR where

DR is the "Line" corresponding to the
desired beam (see table).

TABLE

"Line Beam Line Beam Line Beam

00 30WFI08 16 36WF160 32 33W"220
02 30WF116 18 361F170 34 36WF230
04 30WF124 20 30WF172 36 33WF240
06 33WF130 22 36WF182 38 3616245
08 33WF132 24 3016190 40 36WF260
10 33WlF141 26 36WF194 42 361'F280
12 36WF150 28 33WF200 44 36WT300
14 33WF152 30 30WF210

4. Plate Girder Design Procedure

a) Interior girders

1) Change co=and in location 0106 to 0 04 0000
(gives single solution)

2) Change co=.and in location 0331 to 0 64 0333
(will not print DDWFDDD)

-3) Enter cover plate thicknoss in location
1646 in inches

4) Enter cover plate width in location 1600
in inches

5) Enter area of girder in location 1300 in
square inchesi

6) Enter depth of girder in location 1400
in'inchas

7) Enter moment of inertia of girder in
location 1500 in inches
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b) Fascia girder

1) Change command in location 0618 to 0 14 0000
(gives single solution)

2) Change command in location 0924 to 0 64 0926
(will not print DDWFDDD)

Repeat staps (3), (4), (5), (6), and (7) if fascia
girder is not the same as the interior girders.

c) For interior and fascia

1) Mke allowable minimum stress low (location
1394 - 5.0) and allowable maximum stress high
(location 1396 - 50.0) to insure typeout.

2) Enter cover plate thickness. Change location
1246 to; (BS) (LC) by XXXX where XXXX is cover
plate thickness (i.e. XXXX - 1.25, max., 3
numbers and decimal point).
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COZIOSITE BE1AMS

Job No. '-Y ; 0 -S Bridge 7-14vo. Ale4,K.

Date 7/2014.1 By EM __ _

3-.mbol Dercription Loc. Value Units

A Cover plate l.nnth for fascia: (1) 1341_ .O -0.
"..ickn .So ... O n surfnce l .

S Striný!cr 1352 ft.1~
"L Sonn Le'vt-. 1354 A0. ft.
d Slab thicknaos 1356 7,0 in.
X Effeictive: rlab :iDcth U.8 __ ,__8,_,Piit or nonnect ors 1360 iO in,
Z P, tio of stress 16/18 1362 .!J' -
FS Factonr of se'fntv fnor rn•or conn. 164 T.0 -
f c Ultirnate concrcte stress .366 0,0i.
n Rat:i.o 1" 1__68 ,o, -
I Dinot.er of shear connectors 1370 , __ " in ....
"Q ,.oaoway width - curl) to curb 1f. o ft.
-- Slde:Ulff curb heiqht -above slab ]-3 _ /4_ f t.
"1H Mn..f-curb hfciht -above ,J.eab 1376 . 0t
ui - i7 ,7 aIM x--id th 1378 ,o ft.0

M-11.~J1 ¶q7irit~h ~8
D - o-rhnn_ beyond CEL of Fascia 1382 1 2.4- ft.

Ruinber of intermediate dianhrazmj (lM 1386 3.0 -

. lciiýt of railing 139.0 it, k/ft,
O :,.",r•T of eanr connect•rS (4% 3 ,o
P. Arohe ,r' esn ins i••,el 1394. . 0 t., T
R Al].o.'-hle max. stress in steel 1396 /f Ar
Il Allowable concrete stress 1398 /,0 ksi.

Notes:

1. For full length plate enter 1. ; for computed length plate
enter 0.

2. Smaller of following: 1/4 of span, center to center of beams
or 12 times slab thickness.

3. Can be 0, 1, 2, or 3.
4. For spirals enter 1; for studs enter 2.
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520046/501348/0.0
2.5
8.25
68.0
7.0
84.0
4.0

2.0
3000.0
10.0
.75
28.0
.96
0.0
5.0
0.0
2.5
5.0
3.0
0.0
.05
1.0
5.0
18.5
1.0x010100/

ILMIR BEAM SIZE PLATE SIZE TOP RESS R T C0• ESS CO ESS PL LWGTH

36wP170 14 BY1. 14.233 18.226 .701 49.556
TNS .000 .100 .200 .300 .400 .500
Po0Il,'S .000 6.800 13.600 20.1,00 27.200 34.000
MMARS 76.564 66.183 55.803 45.423 35.043 24.662
SPACI•G 5.560 6.432 8.418 10.342 13.405 19.047

CAI-= 1.34£
ALOW DML 1.020
ACT D=L .594
NEIGST 14.084

pliIS
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X010612/

PACIA BAW SIZE PLATE SIZE TOP STRESS BOT STRESS CON STRESS PL =mGTH

36WP150 14 BnY. 143.316 18.103 .678 50.668
TEf,'HS .000 .100 .200 .300 .400 .500
Ponns .000 6.800 13.6oo 20.400 27.200 34.o000
SM. ARS 71.121 61.372 51.622 141 8T3 32.123 22.374
SPAG 5.810 6.T33 8.891 10.961 14.280 20.514

CA-m 1.1&29
ALOW D7. 1.020
ACT DEL .539
WEIM 12.771

Fnizs

8. References

a) American Association of State Highway Officials (AASHO)

b) Steel Construction Manual of the Americaz Institute of
Steel Construction (AISC)
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K5.
IDENTIFICATION

Title: Horizontal Adjustment - Ident. AK5.01
Programmer: (Lockwood, Kessler & Bartlett, Inc.), November 1962

I. Statement of Problem

It is desired to obtain map or grid coordinates of photogrammetric
points, namely the horizontal pass points, as the results of
stereotriangulation.

The map coordinates of horizontal control points are given. The instru-
ment coordinates of the control points and the pass points are observed
for a triangulated strip of controlled photography.

Two basic transformation equations expressed in the form of a polynomial
of a second degree are based on the *theory of errors by Army Map Service.
The coefficients of the equations are determined by the method of least
squares for the given map coordinates and the observed instrument
coordinates of the control points.

The map coordinates of pass points on the strip are then computed by the
transformation equations for the observed instrument coordinates.

II. Limitations

1. The number of horizontal control points (CP) on a strip shall not
be less than 3 or more than 40.

2. An infinite number of horizontal pass points (PP) on the strip may be
processed in groups of 200 or less at a time.

3. The X and Y map coordinates may range from 0 to 10,000,000.00 units.

4. The instrument x and y coordinates may range from 0.01 to 100,000.00
units.

5. The instrument x and y coordinates can not be zero and the y
coordinates can not be negative values.

6. A maximum number of 50 control points in any order may be entered
at a time to eliminate or to restore the previous data for the
analysis of residuals.

*Photogrammetric Engineering, Sept. 1953, p. 627.
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7. Identification numbers of pass points may range from 1 to 9999,
starting from any number for first pass point and in numerical
sequence for others.

III. Accuracy

The error of computed map coordinates will be less than 1 0.005 units.

IV. Equipment Affected

cDc 160-A
CDC 161
Flexowriter

V. Memory Allocation

0200 - 0649 Program
0700 - 0753 Alpha Storage
0754 - 0759 Punch s/r
0760 - 0761 Coeff.
0766 - 0841 Temporary Storage
1000 - 1099 Temporary Storage
1200 - 1999 Input Storage of PP Data
1600 - 1999 Input Storage of CP Data

0200 - 0761 Program Tape

0~k
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VI. Description of Input Data

Control Points:

The information of control points consists of the identification.
instrument coordinates and map coordinates for each point.
A sequence of the control points can be in any order.

I Alpha-numc-.ic id.-ntification of a control point,
up to 8 characters

x Instrument - coordinate in the direction of triangu-

lation

y Instrument y coordinate

Y Map coordinate in feet or meters; northing

X Map coordinate ini feet or meters; easting

The above input data can be prepared on a CDC Flexowriter
or entered through the typewriter 161 according to the follow-
ing format.

I1 tab x 1 tab yl tab Y1 tab X 1 CR
;12 ....

/

Pass Points:

The information, of p;.ss pLoints consists of the instrument
x and y coordinates for ea.:h point. A sequence of the pass
points can be also in any order.

x Instrument ) coorilnate of a pass point in the dir,-ction
of triangulation

y Instrument ) coordinate
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The input data of pass points will be prepared on the
CDC Flexowrite r.

x, tab yl CR
x2 tab y2 CR

x tab yj CR

An identification number of first pass point will be entered
through the typewriter 161 at the time when the information
of the pass points is processed. The identification numbers
of other pass points will be in numerical sequence. The
numbers may range from I to 9999.

VIL. Description of Output Data

The information of output data. consists of three parts.
Part one is the listing of control points. Part two is the
computation of residuals. Part three is the computed
coordinates of pass points.

The final output data of pass points may be listed through
the typewriter 161 or they may be punched on the Flexowriter
tape.
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VIII. Operating Procedure

1. Margin and tabs
(1) Margin at 20
(2) Tabs at 27, 38, 50, 65, 80, 90 and 95
(3) Paper at 0

2. Load Sicom

3. Place the program tape

4. input mode?
(1) Flex input (1 light), go to step 5
(2) Type input (2. lights), I I/ to read the program

and go to step 6

5. Cycle Run (to read the program) (Stop 3)

Control Points

6. Jump switch 1
(1) On for type input of CP data, go to step 7
(2) Off for Flex input of CP tape, go to step 8

7. Type in CP data (1600-1998)

; I tab x tab y tab Y tab X CR

Type / after the last CR (Stop 4)
Place new page and go to step 10

8. Place CP tape

9. Cycle Run (to read the CP tape)

10. Output of CP data (stop 3)
Types: jp sw 2 on to pp
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11. Jump switch 2
(1) On to compute PP data, go to step 15
(2) Off to eliminate CP

12. Cycle Run
Types: type cp non.

13. Type CP Nos. in any order (CP I to 40)
- CP. tab (to eliminate)

CP. tab (to restore)
Type / after the last tab or CR

14. Output of residuals (stop 3)
Types: jp sw 2 on to pp

Repeat from step 11

Pass Points

15. Cycle Run
Types: jp sw 2 on to tape output
place pp tape type lst pp no.

16. Place PP tape

17. Type in Ist PP No. (4 digits or less)
PPPP. tab / (stop 3)

18. Jump switch 2
(1) On for Flex output, punch on and go to step 19
(2) Off for type output, go to step 21

19. Cycle Run (to read the PP tape)

20. Output of PP data (stop 4)
Go to step 25

21. Stop switch 1 (for type output)
(1) On to stop at 25th PP per page
(2) Off to ignore 25th PP

22. Place tracing paper and double CR
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Cor.nwol Point Dt.

I :"-" X

j2 21 2334.28 270.28 935740.97 195548.41
32 20 , 2250.20 359.98 956670.51 195028.90
;2 20 b 2271.63 396.72 9567,6.00 195414.17
;2 pp 5 2252.78 436.79 937063.07 195445.13
J2 pp 6 2226.51 269.14 936122.43 194678.63
)1 09 2093.61 421.20 937539.37 194406.11
;j 08 1988.71 408.92 937841.39 193714.84
A1 07 1855.23 411.30 938337.48 192899.16
;1 06 1710.50 388.03 938709.78 191917.-34/

Passs Point Data

x y

2372.28 401.58
2372.16 417.11
2334.28 270.28
2226.51 269.14
2237.35 350.72
2230.20 359.98
2271.63 396-72
2230.77 403,89
2252,78 456.79
2243-.59 518.85
2095-.89 409.00
2093.61 421.2o
2108.84 271.o6
2109.53 517-83
1970.66 415.54
1988.71 4o8.92
1968•.70 313.58
1963-.99 526.53
1851.62 315.15
1838.37 405.71
1655.23 411.30
1859.87 533.63
1717.96 513.00
,1721.47 407.00
1710.50 388.03
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x2 xy

1 233-.28 270.23 93740.97 1953!•.4 2 22
2 2230.20 339.93 9n5670.51 195023.90 2 20 a
3 2271.63 6T.72 9367T6.00 195414.17 2 20 b
14 2252.78 ?36.T9 937C,3.07 195,45.13 2 pp 5
5 2226.51 269.14 9353.2..43 9i"678.63 2 pp 6

2093.61 42i.2o 937539.•. 1944C6.11 1 09
7 1968.71 1408.92 937841. - 3 . 9371T14.84 1 08
8 1855.23 411.30 938337.48 192899.16 1 07
9 1710.50 388.03 938709.78 39:117.34 1 06

CP Y x Resialba

1 .74 -1.52 2 21
2 -. 69 -. 02 2 20
3 1.02 e.65 2 20 b

-. 95 -. 10 2 pn 5
5 .38 .30 2 p) 6
6 .24 .29 1 09
7 -.11 -. 65 1 c8
8 -1.79 -1.69 1 O7
9 1.20 1.00 1 06

ip aw 2 on to pp
type cp wo. -3. -8. /

1 .4 -. 51 2 211
2 -. 51 .39 2 20 a
3
4 -. 40 .35 2 p; 5
5 .15 .61 2 pp 6
6 .45 .03 1 09
7 -. 20 -1.18 1 03
8
9 .10 -33 1 06

3p gri 2 on to pp
Jp aw 2 on to tape outgut
piano pp tape type It pp no. 1.
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$&.nple O'zput

2 2372.16 ~47.U 9:704 29SIU.36
3 2334.28 270.2.3 9574J7 41. 195347.0
4. 2226.51 269.1J4 9!,5122.58 2si4679 .2 4~
5 2M27.3 350.72 936587.07 395040.o6

6 2230.20 359.98 936660.99 195029.29
7 2271.63 D6.72 93677.-4o 195417.42
8 2230.77 403-89 9-3-8.96 19.91.02
9 2252.78 436.79 937CS2.66 195443.48

10 2243.59 518.85 937602.27 1968i4.4

U1 20.95.89 4092.00 9j-7456.26 1943T6.3512 2093.61 41.20 93539.82 294La.14
U3 213.84 271.06 93557.71 193960.12
14 2109.33 517.83 93S01. 33 2-4852.15
15 1.970.66 41.525 937946.95 193625.83
16 *9W.71 W.92 93781i.18 193713.65
17 1968. tO 313.53 93T323.80 193247."5
1S 1963.99 526.53 93W56.94 19D83.1
19 1851.62 3135.15 93773.43 292529.58
20 1838.3T 405.71 938361.06 192TT2.34
21 1835.23 4n. 30 933335.16 192W.70
22 1 ft .8T 533.63 93 075.04 293364.11
23 1717.96 513.00 9394•6.61 1924.11.22

24 17T21.47 40-.o3 933T7.01 192033.49
25 I72*.30 383.03 93870.88 M9191767
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K6.

IDENTIFICATION

Title: Soil Consolidation - Ident AK6.01
Programmer: (Lockwood, Kessler & Bartlett, Inc.), October 1962

1. Description of Problem

This program computes the settlement of "n" layers of soil with a maximum
of 4 layers and a surcharge load placed in "n" number of lifts which could
be totally or partially removed.

The program will also compute the settlement of each layer at various
intervals of time after removal of surcharge.

A maximum of 6 offset points per station can be entered as input and the
settlement due to the consolidation of the soil at each point under the
offsets can be computed.

The program provides alphanumeric identification and column headings.

2, Limitations

A maximum of 4 different layers of soil can be entered per each offset.
A maximum of 6 offsets can be entered per station.

Six Pn and Cv values must be entered per each layer. If the laboratory
data is applicable to more than one station, the test codes in the input
may be set equal and the data should not be repeated.

All input is via flexowriter tape.

3. Equipment Affected

CDC 160-A, 161
Flexowriter
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1. Description of Problem

This program computes the settlement of "n" layers of soil with
a maximum of 4 layers and a surcharge load placed in "n" number
of lifts which could be totally or partially removed.

The program will also compute the settlement of each layer at
various intervals of time after removal of surcharge.

A maximum of 6 offset points per station can be entered as input
and the settlement due to the consolidation of the soil at each
point under the offsets can be computed.

The program provides alphanumeric identification and column
headings.

2. Limitations

A maximum of 4 different layers of soil can be entered per
each offset. A maximum of 6 offsets can be entered per station.

Six Pn and Cv values must be entered per each layer. If the
laboratory data is applicable to more than one station, the test
codes in the input may be set equal and the data should not be
repeated.

All input is via flexowriter tape.

3. Equipment Affected

CDC 160-A, 161
Flexowriter



8 February 1963 4-2.. T6-(L)-993

4. Memory Allocation

Loc 0000-0081 Sin-cos sir

0082-0171 Log 10 X s/r
0172-0Z35 10x s/r
0236-0311 Arctan s/r
0312-0333 Station type out routine
0334-0355 Integration routine

0356-0394 Series routine

0395-0422 Interpolation routine

0423-0451 Delta routine
0452-0459 Weight routine

0460-0499 Conversion routine
0500-0549 Alpha storage
0550-0599 Temporary storage

0600-0974 Program
1500-1599 Permanent storage

1700-19 55 Input storage
1978-1999 Routine storage

5. Operating Procedure

(1) Margin and tabs
Margin at 20
Every other -tab down
Output pape'r at 10

(2) Load Sicom

(3) Place the program

(4) Establish typewriter input mode

(5) Type
52 0000 /

Reads the program and stops

(6) Place Flexowriter input tape

(7) Type
xO1 0600 /

Reads the data tape and computes

6. Description of Input and Output

Job number and test number are entered as one alpha word.
Date is entered as two alpha words.

Computation time is approximately 3 minutes per offset with
typewriter output.
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SOIL CONSOLIDATION
INPUT FORM

FIELD NO. 1
JOB NO, DIAT•,- I I DAT =-

FIELD NO. 2
/STATION(,/ 1OriO I TEST CODE%0=
/FIELD NO. 3(NUMERIC. MAX I0 DIGITS)

L I- .52. m Bose width of surcharge ot left of CeortrlineC neg)

L2"* j jM I I *I.j ma Bsie wi dth of surcharge of light of centerline (pot)
SL. - Side Slope (W%
Hf*. 1. m, Height of lift
Pf. [ jJ j {J, jibs/ hCf; Unit weight of Surcharge
MT-- 'totl number of lifts
ML: 4t4--t4-.--I~ Number of lifts left In'placs
H , • j 

2
. - Drainage condition code

t - I I . month; Time interval of surchorge placement

Sr " / 2. month; Time i 'rval from MT to ML

/ FIELD NO. 4(NUMERIC, MAX 10 DIGITS) Neodive to the left of centorline

OfOfftet r.*-7 m;
Offe.t 1 m1 Offset,
Offs I I I 1- / I~ m, ffe 46 . . 1 h

/FIELD NO. 5 (NUMERIC, MAX 7 DIGITS) Negative below seo level
Offset I Offset 2 Offset 3 Off set 4 Offset 5 Offset 6

Z2 I. 3.

/FIELD NO. 6 (NUMERIC, MAX I0 DIGITS)
First Layer Second Layer Third Layer Fourth Leyer UNIT

tonse/m

so I* I 1 11 ! .141 I 73 8', a
Cc iY e tons/s,.f

Pa 1.• 1• 2S 2. 1 .1Z. tons/sq.ft.

Pn I0 .. , . Z r./ I2. 2 1  tons/sq.ft.
h 7i8 2. 71 g i 7ll le tons/oft.

'v 0 9. .I I / 2 V, 0 , tons/sq ft"9. /90Y 2 lay /9 1 .4 Y~ 0 Y tons/sq. ft.

Cv. 9 9 S .5 9 . 3 1 01 ./ Icmn/soc) 10-
C. V !Ya. 2 Y 8i. 0 .,oJ 1./22. (cma.,c)10-'
CV 32.19 3 2.19 1 7.L 0 / 7 (cmo'ec)t10-

is 65.79 154,7 9 /4 S'Z (411118/1111) 1-4
C, / ? is 69 /5 ,&/ (1.3 ,.ae10)-
Cv/ . S'i2 21 4 - 11 Y7 kama,1o-.

/FIELD NO. 7

Hd-~I 1 1 1 1 1 1 m; lengths of Drainage Patth
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FIELD A10
39156-44 JoB N o

FigiLD NoRAt 916 qT/10050.00 S ",7"7o, jul-77 Ts-r CoDEF/£E.D /*o 3

I/-52. L,

52. 4,

.5 S'L.

I. 9 F

128. Pp

6. 117

It. f"7,.

2. 1x

1. tc

12. -l
FIELD lWo y/-50. 01p /l -30. OF, .R -10. OFF 3 10. VPF 3 30. oFr- S" 50. cP 4

IfL No S'
16. ?,

2. 3

-2. .

-2.

5.

3.

2. z,. s&ccNo D ~ e
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Cosw rlmuc FJLLD NVO

3.

1.S 7#'ieD o~ps6 r

-3.

-3.

2.

1.

0. z.~ o'mOFE

-1.

-1.

1.

0.
-1. Z ,.~. FIFTH OpSE

-2.

-2.

0.

-3.

-I'.

FIEL.D NO~
*/2. p'fsr4wae 2. AMP 44YW 2 . ; 3eDleAY 2 . $1 AYI

.19 C, * .2 da . 39 .44

.256~ P .256 1 ' .l27p 2.29
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CcuN r~IAIQu c FC L V d Al 6 ioYER 3 IAs

.512 P, .312 .512 .52

.768 P ~ .768 .768 .768

1.024P. 1.024 1..021, 1.024

2.048 PY 2.048 2.048 2.C048

4.o96 Ps 4.o96 4.o96 4.o96

8.192 Pi 8.192 8.192 8.192

99.5 c V, 99.5 95.3 1o6.1

48.2 C Va 48.2 io5.36 122.3

32.19 C V3  32.19 127.10 149.7

156.78 CV9  156.78 165.214 156.8

1149.68 C Vr 1149.68 159.56 161.3

140.52 -Cv • 1140.52 113.88 168.7

/ 000.00 SThT/OW

/ ~END Or CIE01.0~ 6
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-.01060"o/

J0B N! 9%56-44 n=T Oct. 19 1962

SOIL CONSOLIDATION

TEST N! ul-7T STATION - 100 + 50.00 0FFSET, * 50.000 LXFD

SETLWT AT TIME OF 'REMOVAL OF SURCHARGE

LAYER N1-2  1 SETL IT - .799

LAYE N1 2 SETTLDj T = .028

LAM N! 3 SETTLEMED = .376

SETTLZIET AT TINE - 12 MONTHS AFTER RDEOVAL OF SURCHAMR

LAYER 114 1 SE=TLDE T - .800
LAYR' - 2 SLTTLEMIT - .029
LAY N! 3 SETTLEMEN = .385

SEiTLM1T' AT TIME = 24 MONs AFTER REMOVAL OF SURCAWG

LAYE IT! 1 SETTLM04T = .800
LAYE N- 2 SMLE2L50 = .029
LAYE N- 3 SEI'rLE4TW = .385

SZTLIMOM AT TIME = 48 MONTHS AFTER RE4OVAL OF SURCHARG

LAYER N! I SETTLDSNT - .800
LAYE NZ 2 SErTLEXET - .029
LAYE NI 3 SETTLEMT - .385

SETTLD4k D AT TIME - 96 MIoCnS AFTER REMOVAL OF aJECHARE

LAYER Ni 1 SL'rLZMNT - .800
LAYER NZ 2 SETTLEME - .029
LAYE 11 3 Sz=TLD~T - .385

SErTLEMT AT TIME - 192 M4ON=¶S AFTE' E.4OVAL OF SURCHARGE

LAYER N! 1 SETTLEMM - .800
LAYER N2 2 SETTLI=T - .029
LAMM' " 3 SmrIDMT - .385
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TEST N-6 ul-77 STAlON - 100 + 50.00 OFFS = 30.-000 IT

SETTLIm AT TIME OF RW4OVAL OF SURCHAMM

LAYER i- 1 SETTLEEN = .800

LAW N-N 2 SEITLTl4 - .001

LAME N! 3 SETTLDWT - .001

SETTLEMENT AT TIME = 12 MONTHS ArF REMOVAL OF SURCHA1ME

LAYER N-6 I SETTLEMU - .800
LAYER NA 2 SETTLDNT - .001
LAYER NA 3 SETTL EMT - .001

SETLr.mT AT TIM - 24 MONTS AFTER REMOVAL OF SuRCHARGE

LAYEM Ni- 1 SEITLEMMT = .800
LAYER N-2 2 SETTLEMENT - .001
LAYER N-0 3 SEITIMMT = .001

SETTLEMET AT TIME - 48 MONTHS AFTER REMOVAL OF SURCHARGE

LAYER NI 1 SETTLfEMNT - .800
LAYER N& 2 STLETMENT - .001
LAYER N" 3 SN7TIT4W = .001

SETTMLvCW AT TDIE = 96 MOmiS AFTER REmOVAL OF SURCHARGE

LAYER N-i 1 SPTLfENT - .800
LAYER NA 2 SETTLFMMCT - .00a
LAYER N- 3 SETTLEMIT - .001

SIITLEMENT AT TIM - 192 MONTHS AFTER REKOVAL OF SURCHARGE

LAYER N& I SETLTMET - .8oo
LAYE Na 2 SErTI&ENV - .001
ILAYER Ai 3 SENTLEMEI T .002
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TEST N-' ul-TT STATION - 100 + 50.00 OFF= 10.000 LWT

SETTTLE10 AT TIME OF REMOVAL OF =3CHA1

LAYE N-6 1 SETTLEZd= - .082

LAYE 14 2 SETT = .115

LAM - N'- 3 SETLE1N - .004

sETE AT TIM - 12 M0NS AFM REMOVAL OF SRURCR

LAYER A 1 SETLD0 - .082
LAYER N 2 SETLTM - .115
LAYER Wk 3 SETTLDT - .004

SELTIIWT AT TIME - 24 MITHS ATE REMOVAL OF S&RCBMOE

LAMv N1z 1 S'TIL'DT - .082
LAYM N! 2 SEITLEXE1 w .115
LAM N0- 3 SETTLEMEN - .004

SETTLDWT AT TIME - 48 MON1S AFTE REM.D4OVAL OF aaRCxuRGE

LAYE Ns 1 SETTLEMENT - .082
LAM• N-* 2 SETLDM1D - .115
LAYM Ni 3 SETTLE)4W a .004

SETLmE AT TIn - 96 M0NWi AFM RDEOVAL OFP SUCARGE

LAYER N! I SETTLD1r - .082
LAYE N-0 2 SEITLE• - .115
LAYER N-2 3 SETI96M = .004

SETTIM4W AT TI) - 192 MO2MM AP TER REOVAL OF VJRCARGR

LAM N1- 1 SETTITE T - .082
LA M. NI 2 SETTLM .115
LAY N- 3 SETTLEMT - .004
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TEST N-0 ul-77 STATION - 100 + 50.00 0FFSE - 10000 RIGHT

SETTLEM1 AT TI) OF REVAL OF SURCH[ARGEZ

LAM N. I SEWTIEM1T - .000

LAYE N- 2 SEITTLEMN - .000

lam N" 3 SETTLEM1 - .000

SETLFEMM AT TINE = 12 M0NT1IS AFTER REMOVAL OF SUCHARGE

lAXE N- 1 I - .000
LAYER NI 2 SETTLEMENT - .000
LAYE N 3 SETLEET - .000

SEWTIMEN AT TIME - 24 MONTHS AFTER REDKVAL OF SURCHARGE

LAYER N'. I SETTLEMET - .000
LAYER NX 2 SETTLEMENT - .000
LAYER N! 3 SETTLEMWT m .000

SErLTEMENT AT TIME = 48 MONTHS AFTER RDMOVAL OF SURCHARGE

LAYER N I SETTLE2EW = .000
LAYER N- 2 SETTLDNT - .000
LAYER N- 3 SETTLE) = .000
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TET N" ul-77 STATION - 100.+ 50.00 07FSr 30.O RWW

:•:I TLEN AT TIM OF REOVJAL OF SURCEAM

LAMMZ N I- &=*Tw = .000

LAMM N1 2 SETTLE - .000

LAYER N-' 3 SEI"IaET - .000

SETTLEME AT TIME 12 MON'THS AFTE REM0VAL OF SJRCHAR.

LAM NA I SEZTI D - .000
LAYER NZ 2 STTLEIT - .000
LAM~ XN 3 SETEMN a 1000

SlWTLEM AT T=X - 24 MONTIS AFTER REMVAL OF URCHARGE

IAYER N1 1 SEITTLEN - .000
LAYER N 2 SETTLEMENT a .000
LAY N- 3 SEITLME w .000

SmzTLEMm AT TIME - 48 MOm=S AFR RE0VAL OF SJRCUARG3

LAM INT- 1 SETTLWCEL - .000
LAME N-* 2 SETTLDOC a .000
LAYER NX 3 SETTLEMENT .000

SETTL NT AT T=l - 96 MONfTS AFTE REMOVAL OF SJRCHARGE

LAYM N! .1 SE=I' 1T - .000
LAYE NZ 2 SETTLEE N .000
LAMM N3- 3 SETLEEN - .000

SEITTLEW AT TIME - ,92 MONTHS AFTER RENVAL OF SURauacz

LAM N- 1 SETTLEMENT .000
LAYE N`' 2 SETLEMEN - .000
LAM N- 3 SE•TLEMENT - .000
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TEST NX ul-TT STATION - 100 + 50.00 On= - 50.000 RIIT

SETTILDW AT TINE OF REMOVAL OF SURCHARGE

LAYES N- 1 SEI"TLE MT - .000

LAM N! 2 SE•TLEMNT - .000

LAYER N-" 3 SErTLE - .000

LAYER N: 4 SLTTLmmc - .022

SETTLEMINT AT TIME - 12 MONTHS AFTER REMOVAL OP SURCHME

LAYER N- 1 SETTLEMNT - 000
LAYER N- 2 SETTLEMNT - .000
L.AYE N! 3 S'TlsNT = .000
LAYm NI- 4 SE=ILDmT = .022

SETTLMENT AT TIM) = 24 MONTHS AFTER RWOVAL OF SURCHAIRE

LAYER N- 1 SETTLEMENT - .000
LAYER N! 2 SETLEMENT = .000
LAM.Y N" 3 SLTTLDM-c - .000
LA1m N! 4 SETTLEMET - .022

SETTLEMENT AT TIME = 48 MONTHS Ar= RE4OVAL OF SURCHARGE

LAYE N! 1 SETTLMNr - .000
LAYE N- 2 SETTLEMM = .000
LAYER N! 3 SErTLmeNT - .000
LA=, N! 4 SmT•LD. - .022

SETTZMET AT TIM - 96 MONTHS ATER PD4OVAL OF SURCHAREO

LAYEl N! 1 SDLE1aT - .000
LAYX& N-o 2 SETTLDl!W 0 .000
LAYER N1  3 SETTLEN a .000
LAYER N! 4 SETTLEWT - .022

SEIT'D.IT AT TIME 192 MONTHS AFTE REMOVAL OF URCHARGE

LAYM N-I 1 SETTLEW - .000
LAYEI N! 2 SETTLEMENT - .000
LAYER NI 3 SETTLE .000
LAYER NA 4 SE TELDWIT - .022
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Li.

IDENTIFICATION

Title: Statistical Program I (Means, Standard Deviations, Correlation
for Two Variables) - Ident. L1.01

Contributor: Dr. C. A. Caceres, August 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimension size of the 2 x n array would allow running on the 160). The
routine produces the means and standard deviations for two sets of variables
and the correlation between corresponding entries in the two lists.

USAGE

1. Operational Procedure:

Using techniques for FORTRAN the integral value of n and the n-floating
point x-values and the n-floating point y-values are read in from paper
tape. The resulting tape from the punch is for listing on the Flexowriter
and the user will find his results well-labelled.

To continue the program with fresh data it is not necessary to reload the
program; simply place the new data tape(s) in the reader and run.

3. Space Requirements:

The maximum array size for which the routine is written is 2 x 40010.

10. Input and Output Formats:

Two format statements are used to control the input of data into the
routine: 4 FORMAT (14)

10 FORMAT (f12.6)

Three read commands are given with pauses between them. The first read
command accepts an integral quantity n (xxx/), and the next two read
commands read in successively n x-values and n y-values.

Note: It has been made the practive to oversize the format statement and
thus render it mandatory to terminate each piece of data with a slash
(and, if desired, carriage return).

14. Equipment Configuration: Minimum SWAP 160 or 160-A Computer, and Flexo-
writer.
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IDENTIFICATION

Title: Statistical Program II (linear Regression) - Ident. Ll.02
Contributor: Dr. C. A. Caceres, August 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimension size of the 2 x n array would allow running on the 160). The
routine produces the following quantities for the two sets of variables:

Regression coefficients, alpha and beta
The sum of squares attributable to regression
The sum of squares of deviations from regression
The mean square deviation from regression
The sample standard error of the dependent variable estimated

from the independent variable
The sample standard error of beta and,
The 't-test' value

Reference: SNEDECOR, Statistical Methods, Iowa State College Press

USAGE

1. Operational Procedure:

Using the techniques for FORTRAN the integral value of n and the n-
floating point x-values and the n-floating point y-values are read in
from paper tape. The resulting tape from the punch is for listing on
the Flexowriter and the user will find the results well-labelled.

To continue the program with fresh data it is not necessary to reload
the program; simply place the new data tape(s) in the reader and run.

3. Space Requirements:

The maximum array size for which the routine is written is 2 x 400 10.

10. Input and Output Formats:

Two format statements are used to control the input of data into the
routine: 100 FORMAT (i4)

101 FORMAT (f12.6)

Three read commands are given with pauses between them. The first read
command accepts an integral quantity n kxxx/) and the next two read
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commands read in successively in x-values and n y-values.

Note: It has been made the practive to oversize the format statement
and thus render it mandatory to terminate each piece of data with
a slash (and, if desired, carriage return).

14, Equipment Configuration: Minimum SWAP 160 or 160-A Computer, and Flexo-
vriter.
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Li.

IDENTIFICATION

Title: Statistical Program III (Test of Nomality in a Frequency
Distribution of Large Size) - Ident L1.03

Programmer: Dr. C. A. Caceres, August, 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimension size of the line array would allow running on the 160). The
routine produces the following quantities:

sss SS Sk~~ k~~ g~~s 2 2
s s , s ,s ,tsl' s2' s3' s4 ' S2 3 S4' kl' k2' k3' k4$ 9V 92' g1  Sg 2 2 g Sg2

for g, and t for g2 "

Reference: SNEDECOR, Statistical Methods, Iowa State College Press

USAGE

1. Operational Procedures:

Using techniques for FORTRAN the integral value of n and the n-floating
point x-values are read in from paper tape. The resulting tape from the
punch is for listing on the Flexowriter and the user will find his results
well-labelled.

To continue the program with fresh data it is not necessary to reload the
program; simply place the new data tape(s) in the reader and run.

3. Space Requirements:

The maximum array size for which the routine is written is 1 x 80010.

10. Input and Output Formats:

Two format statements are used to control the input of data into the
routine: 100 FORMAT (i4)

101 FORMAT (f12.6)

Two read commands are given with a pause between them. The first read
command accepts an integral quantity n (xxx/) and the second reads in
n values of the variable from paper tape.

Note: It has been the practice to oversize the format statement and thus
render it mandatory to terminate each piece of data with a slash
(and, if desired, carriage return).

14. Equipment Configuration: Minimum SWAP 160-A or 160 Computer, and Flexowriter.
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Li.

IDENTIFICATION

Title: Statistical Program IV (Mean and Standard Deviation for One
Variable) - Ident. LI.04

Contributor: Dr. C. A. Caceres, August 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimention size of the line array would allow running on the 160). The
routine produces the mean and standard deviation for a single variable.

USAGE

1. Operational Procedure:

Using the techniques for FORTRAN the integral value of n and the n-floating
point x-values are read in from paper tape. The resulting tape from the
punch is for listing on the Flexowriter and the user will find his results
well-labelled.

To continue the program with fresh data it is not necessary to reload the
program; simply place the new data tape(s) in the reader and run.

3. Space Requirements;

The maximum array size for which the routine is written is 1 x 100010.

10. Input and Output Formats:

Two format statements are used to control the input of data into the
routine: 4 FORMAT (i4)

10 FORMAT (f12.6)

Two read commands are given with a pause between them. The first read
accepts an integral quantity n (xxx/) and the second reads in n values
of the variable from paper tape.

Note: It has been made the practive to oversize the format statement and
thus render it mandatory to terminate each piece of data with a slash
(and, if desired, carriage return).

14. Equipment Configuration: Minimum SWAP 160 or 160-A Computer, and
Flexowriter.
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Li.

IDENTIFICATION

Title: Statistical Program V (Sums, Sums of Squares, and Sums of Cross
Products for Three Variables) - Ident. L1.05

Contributor: Dr. C. A. Caceres, August 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimension size of the array would allow running on the 160). The routine
produces the basic statistical building blocks for a three-dimensional
sample-space, i.e., sums, sums of squares and sums of cross products. This
routine would reduce the dog-work for a skilled statistician and enable him
to rapidly decide how best to handle his data.

USAGE

1. Operational Procedure:

Using Techniques for FORTRAN the integral value of n and the n-floating
point values of each of the three variables are read in from paper tape.
The resulting tape from the punch is for listing on the Flexowriter and
the user will find the results well-labelled.

To continue the program with fresh data it is not necessary to reload the
program; simply place the new data tape(s) in the reader and run.

3. Space Requirements:

The maximum array size for which the routine is written is 3 x 30 0 10.

10. Input and Output Formats:

Two format statements are used to control the input of data into the
routine: 112 FORMAT (i4)

113 FORMAT (f12.6)

Four read commands are given with three pauses between them. The first
read command accepts an integral quantity n (xxx/) and the other three
read in n values of each variable from paper tape.

Note: It has been made the practive to oversize the format statement
and thus render it mandatory to terminate each piece of data with a
slash (and, if desired, carriage return).

14. Equipment Configuration: Minimum 160 or 160-A Computer, and Flexowriter.
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Li.

IDENTIFICATION

Title: Statistical Program VI (Percentiles) - Ident. L1.06
Contributor: Dr. C. A. Caceres, September 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimension size of the four internal storage arrays would allow running on
the 160). The routire produces the percentiles at 5 percent intervals after
sorting the original data internally.

USAGE

1. Operational Procedure:

Using techniques for FORTRAN the integral value of n and the n-floating
point x-values are read in from paper tape. The resulting tape from the
punch is for listing on theFlexowriter and the user will find his
results well labelled.

To continue theprogram with new data it is not necessary to reload the

program; simply place the new data tape(s) in the reader and run.

3. Space Requirements:

The maximum data array size for which the routine is written is 1 x 3 0 0 10*

10. Input and Output Formats

Two format statements are used to control the flow of data into the
routine: 103 FORMAT (i4)

104 FORMAT (f12.6)

Two read commands are given with a pause between them. The first read
command accepts an integral quantity n (xxx/), and the next read command
reads in the n x-values.

Note: It has been the practice to oversize the format statement and thus
render it mandatory to terminate each piece of data with a slash
(and, if desired, carriage return).

14. Equipment Configuration: Minimum SWAP 160 or 160-A Computer, and Flexo-
writer.
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METHOD

The necessary sorting of the data is carried out by means of the "string"
sorting technique in which strings of ascending values are identified and the
strings lengthened by merging in successive passes until one sorted string
results. Besides the two equal-sized areas used for handling the actual floating
point data, two integral areas are used to store the starting and ending
addresses of the lth string during each merge. As soon as a pass is terminated
in which i has not exceeded unity, the sort is known to be completed and the
relatively simple process of computing the percentiles can be undertaken.
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Ll.

IDENTIFICATION

Title: Statistical Program VII (Two 't'-tests for 2 Equal or Unequal-
sized Line Arrays) - Ident. L1.07

Contributor: Dr. C. A. Caceres, August 1962

PURPOSE

This program is written in FORTRAN for the Control Data 160-A (reducing the
dimension size of the line arrays would allow running on the 160). The
routine produces and outputs either the t-test value for equal-sized sets
or the t-test value for unequal-sized sets, depending on whether the sets
are equal or unequal in length. (Also output are intermediate statistical
quantities of interest produced during computation.)

Reference: Snedecor, Statistical Methods, Iowa State College Press

USAGE

1. Operational Procedure:

Using techniques for FORTRAN the integral value of n,, the nI-floating
point x-values, the integral value of n2 and the n -floating point
y-values, are read in from paper tape. The resulting tape from the punch
is for listing on the Flexowriter and the user will find his results
well-labelled.

To continue the program with fresh data it is not necessary to reload
the program; simply place the new data tape(s) in the reader and run.

3. Space Requirements:

The maximum array size for which the routine is written is 2 x 40010.

10. Input and Output Formats:

Two format statements are used to control the input of data into the
routine: 109 FORMAT (i4)

110 FORMAT (f12.6)

Two read commands are given followed by a pause and two more read
commands. The first two read commands accept an integral quantity
n1 (xxx/) and the n x-values; the second two read commands bring in
n2 and the n 2 y-values.
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Note: It has been the practive to oversize the format statement and
thus render it mandatory to terminate each piece of data with a
slash (and, if desired, carriage return).

14. Equipment Configuration: Minimum SWAP 160-A or 160 computer, and
Flexowriter.
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zI.

IDENTIFICATION

Title: Single Precision Fractional Square Root - Ident. Zl.00
Programmer: Sanford Elkin, February 1961

PURPOSE

This is a demonstration routine. IJlwill find the square root of a proper
fraction with a maximum error of 2

USAGE

1. Operational Procedure;

Load the bi-octal tape starting at cell 0, and clear. Place the number
N in the A register, and start. X -*Nwill appear in the A register.
Place a new N in A and repeat.

3. Space Used: Octal cells 100-206, plus locations 0, 1, 7, and 55-67.

10, Timing: Each interation about 2.Z5 milliseconds, maxi im of 25 milli-
seconds.

11. Accuracy; Maximum error is 2l11.

MATHEMATICAL METHOD

Newton-Raphs?ý interation with X 1/2 (X + N/X ) and X =1, stopping
whenAX12". The Single precision Divide Subroutine is u~ed.
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ZI.

IDENTIFICATION

Title: Random Number Generator (12 bit) - Ident. Z1.02
Programmer: J. A. Pederson, July 1961

PURPOSE

Produce 12-bit "random" numbers

USAGE

1. Operational Procedure:

The routine floats and may be loaded anywhere. Set P = any arbitrary
value, set Load switch and Run.

There are two entrances into the routine. A reset entrance at L and a
random number entrance at L + 108 (where L - the initial address of the
routine).

The initial entry is made at L with an exit with the random number
displayed in A. Entry again at L restarts the sequence.

3. Space Required: 468 = 3810 locations

4. Temporary Storage: None

10. Timing: 307 microseconds per number generated.

12. Cautions to User: The routine generates a cycle of 1679 X 1678
2,560,000 12 bit random numbers without repeating the sequence. Beyond
this the cycle repeats itself.

METHOD

The routine generates two number series:

ai + 2 (-a + 1 + ai) mod 2 -I

bi + 2 - (bi + 1 + b ) mod 2 -12 I

where

a 1 1, a2 -2

b 1 1, b2 =1008
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Each series has a cycle of 1679 values before repeating. The "a" series is
shortened to a 1678 cycle by a program stop. The random number is obtained
by an exclusive "or" of ai and bi.
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Z3.
ILTIFICATION

Title: ALUP - Ident. Z3.00

Programuer: C. M. Atchison, April 1961

PURPOSE

This routine will punch character messages in paper tape that are legible
to an unskilled observer. These characters are formed in a 5 by 7 matrix
on an output tape. The standard 160 Flexowriter coded paper tape is used
as input.

USAGE

1. Operational Procedure:

a. Prepare Flexowriter (Standrad CDC 160 code) input tape.
b. Load BI-OCTAL program tape at location zero.
c. Turn punch on.
d. Place Flex input tape in reader.
e. Run from zero.
f. Normal stop: P . 140, Z . HLT 77.

3. Space Required
a. 5748 locations.
b. 38010 locations.

4. Temporary Storage Requirements
a. Variable according to length of input file starting at location 6008.

5. Cautions to User
a. The program does not punch leader or trailer on the output paper

tape.

13. Equipment Configuration
a. Standard 160 coded Flexowriter for preparation of input tape.
b. 160 computer with paper tape input and output.
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Z3,

IDENTIFICATION

Title: Trajectory Calculation - Ident. AZ3.02
Programmer: Irv. Hecker, August 1961

PURPOSE

Given the target range, the velocity of the projectile, and its angle of in-
clination, the program will plot the path of the projectile on the typewriter.
Appropriate comments are typed to indicate whether the shot hit the target,
was too short, or too long. A shot is scored as a hit if it falls within
10.0 feet of the range.

The plot is scaled so that each unit on the X-axis is 1/80 of the distance to
the target. Each unit on the y-axis is 1/80 of the maximum height allowed.
The maximum allowable height is l/4.of the target range.

USAGE

1. Operational Procedure

a, Place the program tape in the paper tape reader

b, Turn PTR on.

c. Master Clear

d. Set the relative bank control to the number of the bank into which
the program is to be loaded.

e. Place "Load-Clear" switch on "Load".

f. Place "Run-Step" switch on "Run". Tape will be read into the computer
memory. Check sum is 0001.

g. Master Clear

h. Set all bank controls (buffer not necessary) to the number of the bank
in which the program is.

i. Place "Run-Step" switch on "Run".

9. Input and Output Formats

a. Entering Data:
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The program will request a value for "1RANGE(FT)', "VELOCITY (FT/SEC. )"
and "ANGLE (DEG.)".

Each value is entered as a fixed point number with up to nine
significant digits. A decimal point must be entered in the proper
position within the number. Each value must be followed by either
a tab or a carriage return. Zero must be entered as "0.0".

b. Output Format:

The routine sets up the output graph so that the scale in the direction
of the target is one space equals 1/80 of the range, and one space
vertically equals 1/320 of the range. The maximum height attainable
by trajectory which will stay on the page is 1/4 of the range. The
numerical quantities printed have only two digits to the right of the
decimal point.

13. Equipment Configuration

Minimum 160-A and 161 Typewriter

METHOD

The coordinates of the projectile are computed by the equation:

Y I aX1 tan0- g X 1 2/2 Vo 2Cos 20

where 0 = initial angle of inclination

VO = initial velocity

g - acceleration due to gravity

i 1, 2, 3, . .. , 16

and since X is computed every five units, X,= 5r. i
80

where r - target range.
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Z3.
I I' T IFICATION

Title: )I1•IM G AU1ZT0- Ident. AZ3.03.
Programmer: (Control Data Corporation), July 1962

PURPOSE

This program has two options:

1. Computes the monthly payment necessary to amortize a given principal
mount at a given interest rate for a given duration.

2. Computes the duration necessary to mortize a given principal amount
at a given interest rate with a given monthly payment.

In option (2), after computing the necessary duration of the loan, vhich vill
generally be a non-integral number of years, a desired duration is requested
(some practical value for the number of years) and new monthly payment,
close to the desired amount, is calculated.

At the completion of either option, a complete amortization schedule Is typed
out, shoving the payment number, the portion of the payment Vhich goes for
interest, the protion ihich Is deducted from the principal and the new balance
to be paid.

USAG

1. loading instructions

a. Place the program tape in the paper tape reader.
b. Turn PE on.
c. Master clear.
d. Set the relative bank control to the nmeber of the bank into %hich

the program is to be loaded.
e. Place "load-Clear: swLtch on "Load."
f. Place "Rin-Step: switch on "bmn". Tape vill be read into the

computer memory. Check sum is 0002.
g. Master clear.
h. Set all bank controls (buffer not necessary) to the nmber of

the bank in which the program is contained.
i. Place "Run-Step" switch on "Itm".

2. Operating Instructions:

The program will request the principal amount of the loan and the rate
of interest. Each nmber must contain a decimal point and following
digit. When the values for these two quantities have been supplied,
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the program will type '"Dstred Monthly Payment = ". If a certain
monthly payment is desired, the amount is specified at this point, and
the program will campute the number of years necessary to amrtize
the loan. If no specific monthly payment is desired, type "0.0" for
the desired monthly payment.

The program will request "Desired Duration of loan = ". At this point
the length of the loan in years must be supplied. The program will
compute the monthly payment necessary to amortize the loan. Fbllowing
this, a payment schedule is typed showing payment number, interest due,
amount paid on principal, and balance on loan.

7. Error Stop

If a value is input for desired monthly payment which is too small, the
computer will type "Sorry, not possible" and halt. To restart, place
run swaitch in neutral and back to run.

14. Equilient Configuration - Minimum SWAP 160-A, 161 typewriter.

UMET

The equation used to calculate the monthly payment is:

M=P. R., (1 R N)

( +R)N - 1

where P = principal
R = rate of interest per month (1/12 annual rate)
N = number of months

The equation used to calculate the duration of the loan in years is:

logD(-P)

log (l + R)

where M = montlhly payment and R and R are defined as above.
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B1.

IDENTIFICATION

Title: Multiple Precision Package - Ident. BI.02
Programmer: D. C. Nelson, May 1961

PURPOSE

Perform arithmetic with operands expressed to 6, 12, 18, 24, .... 6N binary
digit precision.

USAGE

Normally the degree of precision will be set for a particular tape, but this
can be changed for other precision without altering any of the subroutines.
By specifying the beginning and ending addresses of the A, X, and Q registers
plus the address of AHEXT, a one word extension of the A register, the
precision can be changed to any desired length, using 6 bits of precision
per register word. For 24 bit precision, four 160 words are used per register,
etc. The user is cautioned to make sure that the A-register is positioned
such that it is a continuation of the Q-register. For example: in 24 bit
precision if the low order address of the Q-register is 7624, the high order
address of the Q-register is 7627. In this case the low order address of
the A-register must be the next address, 7630, with the high order address
at 7633, and AHEXT at 7634. Space has been saved for the registers, be-
ginning at 7620 and ending at 7776, in memory. The following cells of the
first sixty-four memory locations hold the seven variable addresses:

AHEXT - 0013 - one word extension of A-register
AH - 0015 - high order address of A-register
AL - 0016 - low order address of A-register
QH - 0024 - high order address of Q-register
QL - 0025 - low order address of Q-register
XH - 0021 - high order address of X-register
XL - 0022 - low order address of X-register

Each data word to be used by the MPPN routine must be packed with the four
high order octal digits in the low order address, the next four lower octal
digits in the next higher address and so forth. Examples of this packed
representation are:

Octal Number (24 bit precision) Location Contents

6532 4173 1000 6532
1001 4173

(42 bit precision)
56410273561402 2000 5641

2001 0273
2002 5614
2003 0200
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Arithmetic -Is accomplished in l's complement fashion, with the highest order
bit interpreted as a sign bit. For example the 48th bit i'- 48 bit precislon
is interpreted as a sign bit following standard conventions of a 1 iU negati-,--.---
and a 0 if positive.

1. Principle of Operatioýý - MPPN consists of a control +outine and a number
of arithmetic subroutines. The control routine makes possible tha
linkage of any number of subroutines without genera-ing a subroutine
linkage in the main program each time one of the MPfi, subroutines is use •-

The MPPN subroutines are designed to operate using one parameter, the
operand address, called PY in the following discussion.

2. Control Routine - The control routine provides the ireans of tying APPN
subroutines together and performs the function of gEtting the parameter
from memory to a standard location for use by the subroutines.

The entrance to the control routine is ENTR, or 6300. This entrance
causes the control routine to continue to interpret calling sequences
until the subroutine BASIC is called.

A calling sequence consists of the subroutine mnemonic code followed by
the parameter, PY, required by the subroutine.

Example -

To solve the problem, (A+B) C/D and store the result at E, in MPPN, and
return to basic 160 machine coding, the following coding (expressed in
Assembly Language) will do the job.

Location Op Address Additive

L1 LDF 03
L2 JFI 01
L3 ENTR.
L4 NEXT
NEXT LDA

A
ADD

B
MPY

C
DIV
D

STA
E

BASIC
L5
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At conclusion of the store A routine, the control routine recognizes the

BASIC, and returns control to the main program at 15.

3. MPPN Subroutines.

a) Load MPPN's A-Register.
Calling sequence

LDA

Py
Operation - Load the octal uumber beginaing at location PY into the
MP rN's A-Register.

b) Load Complement 14PPN's A-Register.

Calling sequence
LrA

P .t1 r!rnnt of the octal number beginning at
Operation - Lo a -*

location PY into the ZI`r

c) Store MPPN's A-Register.
Calling sequence

STA
PY

Operation - Store the octal number in MPPN's A-Register beginning
at location PY in memory. The 4 high order octal digits go into PY;
the next 4 lower order octal digits into PY + I etc.

d) Store MPPN's Q-Register
Calling sequence

STQ
PY

Operation - Store the octal, number in MPPN's Q-Register beginning at
location PY in memory. The 4 high order octal digits go into PY;
the next 4 lower order octal digits into PY + 1 etc.

e) Addition
Calling sequence

ADD
PY

Operation - Add the octal number beginning at location PY to the
MPPN's A-Register.

f) Subtraction
Calling sequence

SUB
PY

Operation - Subtract the octal number beginning at location PY from
the MPPN's A-Register.
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g) Multiplication
Calling sequence

MPY
Py

Description - This is a fractional multiply. Therefore the binary
point is assumed to be immediately following the sign bit. Example;
the fraction 1/2 would be 0.10 - 0 with N bits, the fraction - 1/4
would be 1.101 - 1 with N bits.

Operation - Multiply the octal number in memory location, PY, by the
octal number in the MPPN's A-Register. The most significant N bits
of the 2N bit signed product are in the MPPN's A-Register with the
least significant N bits in the MPPN's Q-Register.

h) Division
Calling sequence

DIV
PY

Description - This is a fractional divide; see description under
multiplication. Therefore an overflow condition, with an incorrect
answer, will exist if the divisor is smaller, in absolute terms,
than the dividend.

Operation - Divide the octal number in the MPPN's A-Register by the
octal number, in memory, beginning at location PY. At the conclusion
of the divide instruction, the appropriately signed quotient is in
0o. tPPN's A-Register with the signed, same as dividend, remainder in

t Q-Regis.tv. Note that a halt is executed if division by
zero is aLL,,..m

i) A Left Shift

PY

Description - This is a end around circular left shift of the MPPN's
A-Register. In this case, the operand, PY, is a shift count in octal.

Operation - Shift the MPPN's A-Register left end around PY positions.

J) A Right Shift
Calling sequence

ARS
PY

Description - This is an end off right shift of the MPPN's A-Register.
In this case, the operand, PY, is a shift count in octal. In this
shift operation the sign bit is extended to the right.
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Fl.

IDENTIFICATION

Title: Paper Tape Verify - Ident. F1.03
Programmer: R. Beale, January 1961

PURPOSE

The program is used to verify copies of an original paper tape.

USAGE

1. Operation procedure:

a. Master Clear

b. Machine load Paper Tape Verify program at zero

c. Master Clear

d. Insert original tape into reader

e. Run

f. On HLT 01, P - 0107; insert second tape into reader and run without
altering console

g. On HLT 02, P - 0130: the last tape is equivalent to original --
to verify another tape, place it in reader and run without altering
console -- upon successful verification step g may be repeated.

3. Space Required: 1358 - 9310

7. Error Stops: On ERR 01, P - 0132: the last tape is not equivalent to
the original -- to continue verifying tapes, place new tape in reader
and run without altering console. This will execute Step 1g.

10. Timing: 350 frames/second

13. Equipment Configuration: Minimum System

METHOD OR ALGORITHM

A series of sequence-sensitive check sums is formed for each tape and tested
for equivalence. There is no limit on the lengths of tapes to be verified.

FLOW CHART - Not applicable,
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F3.

IDENTIFICATION

Title: Listable Octal Dump, Ident. F3.02

Programmer: Don T. Miller, July 1961

PURPOSE

To produce a listable octal dump of a specified area of core.

USAGE

1. Operational Procedure

The program may be loaded anywhere greater than address 1. The P register
should be set to the starting load address, the starting address of the
area to be dumped put in the A register, and the Run switch put in RUN.
The program will stop at the load address +128, and the final address of
the dump should be placed in A. When put into run mode the program will
punch the required area of core (in Flexowriter code), punch a stop code,
restore any registers in low core that it uses, and stop at the load
address +1058.

3. Space Used: 2518 = 16910 locations

9. Output Format: Each line will contain: carriage return, octal address,
the octal contents of eight registers, four spaces, octal address, and
the octal contents of eight registers. Duplicate lines will not be punched.

10. Timing: The program operates at punch speed.

12. Caution to user: The punched contents of cell 7777 will be the contents of
cell 0.

13. Equipment Configuration: Minimum
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F3.

IDENTIFICATION

Title: BI-OCTAL DUMP 2, Ident.F3.06
Programmer: H. C. Schnackel modified by C. M. Atchison, April 1961

PURPOSE

This program will sequentially dump in BI-OCTAL (machine-load format), the
information stored in core memory beginning with the starting address, and
ending at the terminating address minus one. The output tape can be loaded
by use of the "Load" reader mode on the 160 computer.

USAGE

1. Operational Procedure

a. Load BI-OCTAL Program Tape at 77328.

b. Set P register at 77328.

c. Set A register equal to first word location to be dumped.

d. Run.

e. Set A register to last word location to be dumped plus one.

f. Punch on.

g. Run.

3. Space Required

a. Decimal -- 37 locations high core

b. Octal -- 45 locations high core

4. Temporary Storage Requirements

Uses and restores location 0.

12. Cautions to User

a. The program is not relocatable.

b. The program does not punch leader or trailer in the output tape.
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II) Remove the cards from the read hopper and reproduce the damaged
cards from the bottom of this stack. Replace the reproduced
cards on the bottom of the stack and discard the damaged cards.

III) Push the START button until all cards in the machine have been
fed out.

IV) Put the last card fed out in front of the reproduced cards from
the read hopper.

V) Place the corrected card stack in the read hopper and push the
start button twice to feed two cards.

VI) Put the read stacker switch in the OFF position (toggle it away
from you). The NOT READY light will go out and the computer will
continue reading cards.

2. Parameters

a. Entrance parameter

OWOU as follows:

W - tape control unit number (usually 1)
U - logical tape number

b. Exit parameters

Upon normal return, none.
Upon error return:

I) for bad tape exit, A - 7775.
II) for illegal BCD code, A - column number in which first bad code

appears.

3. Space Requirements

11548 locations in the relative bank.
20 locations in the direct bank.

2548 locations in the indirect bank.

Locations in the indirect bank are assigned by EQU cards, 124, -8410
locations for the symbol BLKA and 1308 - 88io locations for tee 10
symbol BLKB. This storage assignment must fie non-overlapping and
location (i) 0000 must not be included.
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If it is desired to re-arrange the direct storage assignments, only the
symbol LCARD may be assigned location (d) 0000. All other direct storage
locations may be assigned at will.

6. Error Return

a. If the program is unable to write a record 9 times because of parity
errors, the error return occurs with A = 7775. In this case, the card
which has just passed the 2nd read station has been read but not pro-
cessed. The card image for the card immediately preceding the above
card is the card image which cannot be put on tape.

b. If an illegal punch combination occurs in a column, the error return
occurs with A = first column in which a bad code appears. In this
case, the card which has just passed the 2nd read station is in error.
The card image for the card immediately preceding the above card is
the last card image written on tape.

7. Program Stops

As a closed subroutine, the only program stop is at symbolic location
RRl7+l after sensing an End-of-Tape reflective marker. The program rewind-
unloads the tape prior to the stop. Mount the next tape and continue.
This stop is at location (r) 1247 when used as an independent program.

As an independent program, two additional stops are provided: at location
(r) 0063 for the normal return and location (r) 0065 for the error return.

To continue running from any of the above stops, put the RUN-STEP switch
into the STEP position, then into the RUN position.

8. Output Tape Mounting

The output tape is mounted on control unit W with logical selection U
as in 2.a. above. The tape must not be file protected.

9. Input and Output Formats

a. Card Input Formats

The presence of both 7 and 9 punches in column 1 identifies a column
binary card. All other cards are assumed to be BCD.

b. Tape Output Formats

1) for binary cards, a 168 character record, the first 160
characters representing1 the binary card in odd parity bit!or-
bit and the next 810 characters as follows:
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13. Equipment Configuration

a. Basic 4k 160 with paper tape input and output.
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F6.

IDENTIFICATION

Title: 160-A Card to Magnetic Tape Routine - Ident. F6.05
Programmer: Larry Brown, November 1961, Control Data Corporation

PURPOSE

This routine accepts standard 80 column BCD or column binary cards and writes
their card images with "look-ahead" bits onto magnetic tape. Programmed for
the IBM 533 Card Read Punch.

USAGE

1. Calling Sequence and Operational Procedures

a. As a closed subroutine, entry is made with the following calling
sequence:

L JPR
L+l CDTAP
L+2 NORMAL
L+3 RETURN
L+4 ERROR
L+5 RETURN
L+6 OWOU

b. As an independent program, load the bi-octal tape at location 0000
in either bank, and start at location (r) 0060 with OWOU in the
A-register.

c, 533 Card Read Operation

Place the cards to be read in the read hopper to feed 9-edge first,
face down. Push the START button twice to feed two cards and turn
off the NOT READY light. At least two blank cards must follow the
deck to be read.

d. Card Feed Failure

In case of a card feed failure, follow these procedures:

I) Put the read stacker switch in the ON position (toggle it toward
you).
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00 05 00 01 00 05 00 04 if the next image on tape is a
binary image in odd parity,

00 04 00 00 00 01 00 00 if the next image on tape is a
BCD image in even parity.

II) for BCD cards, a 8 8 10 character record, the first 801T characters
in standard BCD representing the BCD card in even par ty and the
next 810 characters as follows:

11 11 07 07 20 20 20 20 if the next image on tape is a
binary image in odd parity,

20 20 20 20 20 20 20 20 if the next image on tape is a
BCD image in even parity.

c. Control Card Formats

I) FILE* in columns 1-5 causes an End-of-File mark to be written on
tape. The FILE* card image is not written on tape. The program
continues with the next card image following the EOF mark.

II) ENDbb in columns 10-14 causes an End-of-File mark to be written
on tape following the END card image. The program continues
with the next card image following the EOF mark.

III) FINIS in columns 10-14 causes two End-of-File marks to be written
on tape following the FINIS card image. The program rewind-
unloads the tape and exits to the normal return. Use of the
FINIS card is the only way to legitimately terminate the operation
of this program.

10. Timing

Approximately 200 cards per minute read and put on tape. This program
operates as fast as the 533 card read unit.

12. Cautions
Do not step through the routine or take the computer out of RUN, else

the input-output transfers may not be completed correctly.

13. Equipment Configuration

Minimum 160-A with 163 and 1610 adaptor for the IBM 533 card read punch.
The program assumes a 2-bank 160-A. The 163 tape unit is selected in both
the character (6-bit) and assembly (12-bit) modes. The buffer channel is
used to read cards. Cards are read from the second read station.
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15. Miscellaneous

a. Normal Return

Follows reading a FINIS card.

b. Interrupt

Not used.

c. Bank settings

Upon normal and error exits, the direct, indirect, and buffer bank
assignments are restored to their values at time of entry to the
subroutine. The subroutine will work in either bank.

d. Machine Registers

The Buffer Entrance, Buffer Exit, and A-register are not restored.

e. Legal BCD codes and card column punch codes as per standard set.

f. Selective Stop and Selective Jump switches are not used.

METHOD

1. Tape write error procedures.

Following detection of parity errors on writing the tape, a backspace
and a new write operation is performed. If 3 tries at writing fail,
the tape is backspaced, an EOF written, and a backspace is performed
to skip over about 6 inches of tape and 3 more attempts are made to
write the record before another EOF-backspace is tried. After 9 attempted
write operations fail, the tape is backspaced and the error return is
made with A = 7775.

2. Checking for illegal BCD codes is accomplished by the following equations
operated on each 12-bit word of the card image read in. The * indicates
a bitwise logical product and the + indicates a bitwise logical (exclusive)
OR. The numbers 1, 2, 3.... represent the card row 1, 2, 3.... etc. If
the following equations are not satisfied, an illegal BCD code appears on
the card.

7"•=0

(7+9)*6-0
(6+7+9)*5-0
(5+6+7+9)*2-0
(2+5+6+7+9)*1-0
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(1+2+5+6+7+9)*8=0
3*4-0

(1+2+5+6+7+9)*(3+4) -0
(1+2+3+4+5+6+7+8+9 )+8* (3+4) *0*11-0
(1+2+3+4+5+6+7+8+9 )+8* (3+4) *0*12=0
11*12-0
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APPNDIX
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Programmer's Reference Manual for Four-Bank INTERFOR Programing System,
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SICOM - Flow Diagrams and Coding Sheets, Scientific Computers, Inc.,
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SICOM - Scientific and Commercial Programming System for Control Data 160-A
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